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(i) 


ABSTRACT 


This report assesses the availability and adequacy of the wind generated wave 
data required by the oil and gas industry, the design organizations, the classification 
societies, the regulatory agencies and the research organizations for the develop- 
ment of safe structures to be used in the activities of exploratory and delineation 
drilling in waters off the East Coast of Canada. 


It is found that the minimum requirements of the design, owner/operator, 
classification and regulatory organizations for wave data are well defined in the 
available literature and that if these data are available safe and efficient design of 
structures and associated operations are expected. 


It is concluded that the required data are not available throughout the study 
area. Reliable estimates of the required extreme wave conditions are only available 
for the Hibernia area and even with these data there are some concerns. Through- 
out the remainder of the study area data suitable for the estimation of extreme 
events do not exist. Wave climate statistics suitable for the analysis of operations 
may exist for the southerly part of the study area, although limitations of these data 
are also identified. An important requirement identified, is the need for simultan- 
eous observations or predictions of waves, currents and winds. It is not clear that 
this requirement has been adequately addressed over the study area. The avail- 
ability of current and wind data is the subject of other reports and has not been 
examined here. 


The future sources of wave data and information on extremes and wave 
climate are examined and conclusions are drawn. It is concluded that in the near 
future these data will continue to be developed using traditional! techniques. 
However, improved advanced instrumentation and improved hindcast models better 
suited to the requirements of the various parts of the study area must be developed 
and implemented. 


Satellite and other remotely sensed data wil! begin to become available within 
the next decade in useful quantities and will immediately begin to be useful for 
operations through improved forecasting. However these additional! data will not 
improve the knowledge of wave climate and extremes for a number of years until a 
significantly increased database has been accumulated. 


The present practice of developing knowledge of wave climate and extreme 
conditions in the study area is examined. It is noted that this knowledge is now 
acquired by an accumulation of information from many independent studies which 
are generally of insufficient scope and not fully co-ordinated with other programs. 
These studies tend to raise more questions than they answer and often disagree with 
each other. It is concluded that there is a need to develop joint programs between 
all interested parties to organize, priorize and carry out the studies to acquire the 
necessary wave information in the study area. 


Digitized by the Internet Archive 
in 2024 with funding from 
University of Toronto 


https://archive.org/details/31/761119736502 
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1.0 Introduction 


1.1 Background 


The study reported in this document has been carried out on behalf of 
the Royal Commission on Ocean Ranger Marine Disaster by the Marine 
Environmental Data Service (MEDS) of the Department of Fisheries and 
Oceans. The study relates to the second term of reference of the Commission, 
which was to 


Inquire into, report-upon and make recommendations with respect to: 


a) both the marine and drilling aspects of practices and procedures in 
respect of offshore drilling operations on the Continental Shelf off 
Newfoundland and Labrador and without restricting the generality 
of the foregoing, the matters referred to in paragraphs I. (a) to 
1. (e) *as they relate to other drilling units conducting marine and 
drilling operations on the Continental Shelf off Newfoundland and 
Labrador; and 


b) to the extent necessary and relevant, such practices and pro- 
cedures in other Eastern Canada offshore drilling operations. 


To address this second term of Reference, the Commission undertook a 
study program the goal of which was: 


"TO IDENTIFY PRACTICAL MEANS OF IMPROVING THE SAFETY OF 
EASTERN CANADA OFFSHORE DRILLING OPERATIONS." 


The study area is Eastern Canadian Offshore (see Figure 1.1) extending 
from the shoreline to the limits of jurisdictional claims. The area extends 
from the Canada-US boundary north to the limit of areas which will be 
serviced from East Coast ports and use marine drilling systems (approximately 
FOUN es 


The subject of study is offshore exploration and delineation drilling 
operations, including service and supply (marine and air) activities. 


Paragraph 1. (a) is in the first term of reference and refers specifically to the 
"design construction and stability of the OCEAN RANGER and its suitability to the 
conduct marine and drilling operations on the Continenta! Shelf off Newfoundland 
and Labrador. 


Paragraphs 1. (b) to 1.-(e) are unrelated to a study of wave climatology. 


> > 


: ' Ne Ce 


} far - <8 
4 oy 

Qh, MS Tae fo ‘mids, te1)) 

| he Ot, "4 A ia wi Vibe ide & —ri} in dj f. 


eV ahs Or Sir ris 
f x : 


Tx 4 


. ; - 
: "0 de 


iT com canes 
ae “ ; vt A = (44% 

” ovaew tS x Cis OF 0D 
me 


wie 0 
eG 7 - aa PY 


ele eva tansy as AE RS aD mI Ae mF nl ere AES: Hm: py ome 


cbetdsd i 
° - ve 


elgwiu tis i4)..! of dd)! arya geuil 


’ LA. | 


- i 


STUDY AREA 
Eastern Canada 


Offshore 


ai 
pes 


y 
li 


| 


( 
il 


\ 
im 


cx 
| 


| 


N 
] 


| 


| 


al 
Al 


.) 
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Objectives 


The present study is one of many, each addressing a particular subject 
areas of importance to the activities of exploratory and delineation drilling on 
the East Coast of Canada. 


The purpose here was to produce a state of the art assessment of wave 
climate knowledge for the study area. The following goals were established. 


a) Produce a description of the wave data and information available for 
each geographic area for design, regulation and planning of operational 
strategies. 


b) For each geographical and subject area, synthesize and compare the 
various relevant datasets and derived parameters, and discuss the 
adequacy or inadequacy of the results in terms of the state of the art in 
wave climatology and the requirements for design and operations. 


c) Describe the various techniques used to extrapolate to long return period 
events, and discuss the adequacy of the database and the scientific 
knowledge to the task of extrapolating. 


d) Compare the information and scientific and technical knowledge avail- 
able to that required for design and operations, and discuss the implica- 
tions of shortcomings. 


e) Draw conclusions where possible on the availability of data, information 
and knowledge. 


f) Identify future study needs. 
Overview of the Report 


To present a volume of diverse technical material in a fashion to ease its 
digestion by the reader is never easy. We have attempted a certain 
organization here and it is hoped that it is at least logical to the reader. 


Section 2 discusses the requirements for wave data. It begins with a 
brief overview and discussion of wind generated waves which is the subject of 
the study. It goes on to discuss who needs wave data and why. Not 
surprisingly it turns out that high on the list of people requiring wave data are 
the design houses, Classification societies and regulatory agencies. It there- 
fore became necessary to devote some discussion to design, certification and 
regulatory procedures and to reproduce some of the rules, guidelines and 
regulations here. The discussion is given in sections 2.3 and 2.4 primarily. 
Appendix A contains the rules, guidelines and regulations pertinent to wave 
climatology. 


Section 3 contains the discussion of the available data for the study area 
and its unavailability and assessment. Section 3 also contains an overview of 
extreme value analysis procedures and the conclusions of the study. 


Section 4 is a brief discussion relating the Canadian situation to the 
North Sea experience to identify major differences in the approach to the 
development of wave climate knowledge. 
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Section 5 reviews several of special study areas such as wave in shallow 
water, non-conventional wave events and future sources of wave data. 


The conclusions were placed in section 3 since the major conclusions 
related to sections 2 and 3. 
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Requirements for Wave Data 
An Introduction to Wind Generated Waves 
Polat General Discussion 


A wind generated wave field propagating over the oceans is an extremely 
complex phenomenon which is not well understood and can only be described 
by numerical methods that involve many simplistic assumptions. 


The intent of this brief overview is to provide an introduction to the 
problem of adequately describing waves for engineering purposes. This is 
follwed by a brief introduction to methods of analyzing wave records and a 
discussion of conventional wave statistics. A glossary of the wave terminology 
used in this report is included in Appendix B. 


Waves are formed by a complex process of wind turbulence acting on the 
water surface, and their growth is governed by a transfer of energy from the 
wind to the water. The height of the waves may be limited by the wind 
velocity, the time that the wind blows, or the distance (fetch) over which the 
wind blows. The generation process produces an irregular distribution of wave 
heights and periods. Since the wind speed and direction will also be changing 
with time the resulting sea-state has a very irregular appearance that cannot 
be simply described. Waves that move out of the generating area tend to form 
into longer period and long crested waves of almost constant height, and are 
known as swell. 


A wave to an observer is only the shape of the ocean surface that results 
from the complex, but generally circular, motion of the water particles below 
the suface. There is almost no mass movement of water associated with the 
propagation of waves except when a wave breaks. A piece of wood, floating 
on the surface follows a circular path, for example. The diameter of the 
Circle is equal to the wave height and the time required to complete the circle 
is the wave period. 


Careful observation of the surface of the ocean in deepwater during a 
storm will lead to the following conclusions: 


- An individual wave is not permanent. It slowly increases in height and 
then decreases as the wave moves forward. The height of such a wave 
does not remain constant with time and the wave is said to be dispersive. 


~ Wind generated waves do not move in the same direction, although the 
direction of movement of locally generated wind waves will usually be 
limited to a sector in the order of 90 degrees. As waves move out of the 
influence of a storm they tend to increase their period and become long 
crested. These waves are known as swell. 


- Waves are generally either short crested or long crested. Short crested 
waves are associated with a wave field containing waves travelling in a 
range of directions and long crested waves are associated with swell. 


- The slope, or steepness, of the leading side of the wave may be steeper 
than that of the rear side of the wave. 
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- The crest of the wave may be unstable or the front slope too steep which 
produces a cap of white foam or a mass of water moving down the front 
slope of the wave at a speed faster than the velocity of the wave, a 
condition known as breaking. 


= There is considerable variation in the height and period (or wave length) 
of the waves in the sea-state. In very severe sea-states wave heights 
may reach 40 metres, wave periods reach 18 seconds, and wave lengths 
500 metres or more. Swell waves may have even longer periods or wave 
lengths, but the wave height will not be as large. 


When considering the visual appearance of waves in a severe sea-state it 
is important to note that for many engineering procedures it is not the 
geometry of the sea surface that is important. It is the movement (i.e. 
displacement, velocity, and acceleration) of the water mass below the surface 
that produces loads on a structure and this movement must be accurately 
described to calculate the forces on the structure. 


Many mathematical theories or formulations exist to describe the 
surface profile, and the displacement velocity, acceleration and pressure field 
below the surface. The simplest theories are valid for small amplitude, long 
crested waves of constant height moving in a stationary water mass. 


2.1.2 Methods of Analysis 


The most common form of wave record is obtained by measuring the 
water surface elevation as it passes a fixed point. In fact the point is seldom 
fixed because the measuring device consists of a tethered buoy on a slack 
mooring. Therefore, the record consists of a trace of vertical travel of the 
buoy as it rises over the wave crests and falls to the trough while moving back 
and forth a certain amount with the waves. 


There are two basic methods of analyzing a wave record. The first 
consists of measuring individual waves from the record, and is referred to as a 
zero crossing analysis. The second involves breaking down the irregular trace 
into a series of sine waves of different amplitudes and periods which when 
added together reproduces the original wave record. This is referred to as 
spectral analysis. This latter method involves a complex numerica! procedure 
generally Known as variance spectra! analysis. ; 


The definitions of the parameters derived from the different methods of 
analysis are summarized in a publication produced by the Permanent 
International Association of Navigation Congresses (PIANC), PIANC 1973. 
This glossary is reproduced in Appendix B. The principal parameters referred 
to in this report are as follows: 


H The maximum zero up-crossing wave height observed ina 
Z,Max vee 
specified period of time. 


H 1/3 (or Hg) The significant wave height. The average of the highest one 
third of the zero up-crossing wave heights for a stated period 
of time. 


Tz The zero-crossing wave period is an average period obtained 
by dividing the record duration by the number of times the 
water surface crosses the mean water level in one direction. 
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Hmo The characteristic wave height = 4 xo (o is the square root 
of the variance). This parameter is obtained from spectral 
analysis and is approximately equal to the significant wave 
height in certain conditions. 


Tp The peak period. The period at which the maximum variance 
spectral density occurs. 


Hy Wave height from visual observation. The average height of 
the larger well formed waves. 


Ty Wave period from visual observation. The average period of 
the larger well formed waves. 


2.1.3 Short Term Wave Statistics 


During the peak of a storm it is normally assumed that for a relatively 
short, but defined period of time, the average wave conditions do not change. 
This condition is referred to as stationarity and it may be assumed to last from 
one hour to six or more hours. This section provides a brief summary of wave 
statistics when wave conditions are stationary. 


It is common practice to assume that the distribution of wave heights, 
obtained from a measured wave record follows a Rayleigh distribution of the 
form: 


which gives the probability that a wave height, H, equals or exceeds a selected 
value, H'. Us is the significant wave height. 


This distribution allows relationships between various wave height para- 
meters to be determined, as illustrated in the following table: 


Hmp Hav Hs 41/100 Hy /100 


Amp 1.00 OFsoreve.50° * 0237 0.30 
Hay be2 5 W300 **0163'°"0.99 0.38 
Hy 2.00 E.G T3500" 275 0.60 
H1/10 2.09 PEG UP ETTE28 POUGO 0.76 
Hy TO. os) | Zar lie? 1.30 1.00 
Amp = most probable wave height in the record 
Hay c= average height of all waves 
S = significant wave height 
Hy /10 = average height of the highest one tenth of all 
wave heights 
Hy/100 = average height of the highest one hundredth of 


all waves 


Table 2.1 Some statistical relationships between wave heights 
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The ratio of the probable maximum wave height to an average para- 
meter, such as the significant or characteristic wave height for a stationary 
sea-state, is Commonly assumed to depend on the number of waves that pass 
the point of measurement during a given period of time. The longer the time, 
the greater the number of waves and the greater chance of recording a large 
wave. Table 2.2 provides ratios of the maximum wave height to the 
significant wave height as a function of the number of waves. The associated 
duration for a wave period of 10 seconds is also noted. 


Duration Ratio of Most Probable 

No. of Waves 10 sec. Period Maximum Wave to Significant Height 

a 
50 8.3 min. 1.42 
100 16.6 min. L253 
500 1.4 hours ATM 
5000 14 hours 2.07 
10000 28 hours Zoe 
20000 56 hours 229 


Table 2.2 Ratio of the most probable maximum wave to the significant wave 
height for various durations of a stationary sea-State. 


Pag Storms 


The caiculation of short-term statistics of waves is dependent on the 
major assumption that the event is stationary. However, storms that generate 
large wave events are non-stationary, often moving through an area at speeds 
greater than 45 km/hr. It is probable that the mean wave direction will also 
be changing in response to wind changes with the passage of the storm. 
Traditional methods of estimating extreme wave conditions do not provide 
information on the duration of storms. Consequently, the estimation of the 
most probable maximum wave height associated with a storm with a long 
return period in the order of 50 or 100 years must represent a conservative 
estimate based on the study of probable storm profiles that would be 
associated with the extreme event. 


2.1.5 Long-Term Wave Statistics 


In general, recorded wave or recorded wind (for hindcasting purposes) 
data are available for only relatively short periods of time. However, for 
designing structures that operate in an exposed environment, a design wave 
condition with a specified return period is required. The return period is 
determined from the expected life of the structure and the accepted risk of 
the design storm occurring during the life of the structure. In order to provide 
the required long-term distribution of wave heights, an extreme value analysis 
is undertaken using one of many available distributions. The more common 
distributions used to describe the long-term statistics of waves are the Fisher- 
Tippet type, Weibull and log-norma! distributions. These distributions are 
discussed further in section 3.6. 


An extreme value analysis is a technique used to predict the frequency 
of occurrence of long return period events. An example would be a 100 year 
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return period wave which can be thought of as the highest wave one would 
expect to experience every 100 years. Since 100 year time series of virtually 
all the geophysical variables of interest do not exist, the extreme value 
analysis is used to extrapolate probabilities from a shorter period of "data". 
Time series of wave measurements off Canada's east coast vary from one to 
10 years in length. To extrapolate a > or 10 year data set of measured waves 
to a 100 year event is considered to yield unreliable results. It is reasonable to 
assume that one would get a more reliable prediction of the one hundred year 
wave if it is predicted from 30 to 50 years of data rather than 10. 


Reliable meteorological time series of observed winds extend back to 
1950 over the southern portions of the study area. It is therefore considered 
appropriate to use the measured wind fields to estimate wave conditions and 
produce a time series of wave data of 20 or 30 years duration for the extreme 
value analyses. This procedure is referred to as "hindcasting" waves from 
winds. 


The relationship between the probability (or risk) of encountering an 
event with defined return within the design life of the structure is illustrated 
in Table 2.3. The design procedures referenced in Appendix A frequently refer 
to the use of the 100 year event (and occasionally the 50 year event) for the 
calculation of loadings on, or response of, the structure. This table presents 
the probability of encountering this event for selected design lifes. 


Encounter Probabilities 


Return Period (years) 


20 50 100 200 1000 
Design U2 02 a0 - ~ 
ite 5 20 10 G2 02 - 
(years) 10 40 18 48) {05 01 
30 We) 45 26 14 03 
50 «22 64 aoe) 22 Ag 


Table 2.3 Probabilities of encounter for events with various return periods as 
a function of design life. 


26 Non-Conventional Wave Events 


There are a number of aspects of wind generated waves that can be 
described as non-conventional, because they cannot be described in the 
normal, or conventional, statistical manner. These events include wave 
grouping and "freak" or "rogue" waves. 
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The physics which control these events is not well understood and their 
existence, severity or frequency of occurrence has not been adequately 
documented in the study area. It is therefore very difficult to assess the 
influence of these events on the design of offshore structures. 


Non-conventional events are discussed in greater detail in section 5.2 of 
this report. 


2.1.7. Other Forms of Waves 


This report deals entirely with wind generated waves. Other wave forms 
include tides and tsunami waves. 


Tides and tidal currents result from the motion of the moon, sunand the 
planets and are a phenomenon producing very different effects than do wind 
generated waves because of their much longer period. Tides have two distinct 
effects on wind generated waves. The first effect is that the water surface is 
raised or lowered. Raising the water surface will bring the crests of the wind 
generated waves Closer to the deck of a drilling unit resting on legs sitting on 
the sea floor. Secondly, a tidal current running against a propagating surface 
wind-wave causes the wave to steepen and increases its impact or drag on the 
structure. 


Tsunamis or earthquake generated waves are generally of little concern 
to structures in deep water. However, they can have a devastating effect on 
coastal structures. 
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Organization Requiring Wave Data 


In the following sections, 2.2.1 to 2.2.5, the principal organizations 
requiring wave data in their involvement with the exploration or recovery of 
hydrocarbons are briefly discussed. The requirements of these organizations 
for wave data are discussed in sections 2.3, 2.4 and 2.5. 


2.2.1 Design Organizations/Fabricators 


A designer, frequently working with a fabricator requires a description 
of the wave climate to assist in the development of concepts for the structure 
and for the detailed design process. The form of the concept developed may 
be significantly influenced by the severity of the environment in which it must 
survive and operate. 


In the detailed design process, a very complete description of the wave 
climate may be required. However, mobile drilling units are generally 
designed to survive and operate in a wave climate of a selected severity and 
not for a specfic site. Many units have been designed to have an unlimited 
classification and operate in any area of the world. Fixed structures are 
designed for a specific location and for the wave climate at that location. 


2.2.2 Owners/Operators 


The owner ensures that its structures has been designed for the environ- 
ment in which it is to be used. To achieve this objective, the operator must 
have a reliable description of extreme wave, current and wind conditions at 
the site and must be satisfied that the structure was designed to survive these 
conditions. 


The owner is also concerned with the environment from an operational 
point of view. Clearly the selected structure must be able to operate 
efficiently in the climate of the area. In order to design support operations 
and ensure adequate supplies of consumables, the operator must also have a 
detailed knowledge of expected downtimes due to wave and other environ- 
mental conditions. 


In the approval and classification processes, it is the responsibility of the 
owner to provide the required descriptions of the wave climate, including 
extreme events, of the area in which the structure will operate. 


2.2.3 Classificaton Societies 


The classification society is principally concerned with survival of the 
structure and it will undertake a detailed review of the design. The 
requirements of the classification society is therefore concerned with struct- 
ural integrity and survival in the same manner as the design engineer. 


The following description of the classification process is taken from 
American Bureau of Shipping 1980: 


"The Classification process consists of a) the development of Rules, 
guides, standards and other criteria for the design and construction of 
marine vessels and structures, for materials, equipment and machinery, 
b) the review of design and survey during and after construction to verify 
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compliance with such Rules, guides, standards or other criteria c) the 
assignment and registration of class when such compliance has been 
verified. 


The Rules and standards are developed by Bureau staff and passed 
upon by committees made up of naval architects, marine engineers, 
shipbuilders, engine builders, steel makers and by other technical, 
operating and scientific personnel associated with the worldwide mari- 
time industry. Theoretical research and development, established engi- 
neering disciplines, as well as satisfactory service experience are utt- 
lized in their development and promulgation. The Bureau and its 
committees can act only upon such theoretical and practical considera- 
tions in developing Rules and standards." 


2.2.4 Regulatory Agencies 


The Canadian oil industry is controlled by Acts of Parliament that are 
administered by the Canada Oil and Gas Lands Administration (COGLA). 


Authority to drill in offshore areas administered by COGLA is governed 
by regulations and guidelines developed by the Offshore Structures Division. 


These regulations and guidelines, for example the Canada Oil and Gas 
Drilling regulations (PC 1979-25 amended by PC 1980-2111), require that the 
operator have available a description of the environmental! conditions in which 
a structure will operate and survive and that the structure and operating 
system be suitably designed. 


The above noted regulations state, for example, (PART ], 8.(£),(ii)) that 
any person applying for a Drilling Program Approval furnish information on 
"The prevailing environmental conditions tn the area of the program’ and "in 
the case of every drilling unit used or intended to be used by an applicant 
during the program, (i) the data and particulars on which the applicant relies 
to show that the drilling unit has adequate stability to safely conduct the 
proposed program, and (ii) the details of the structural design of the drilling 
unit on which the applicant relies to show that the drilling unit has strength 
adequate to withstand conditions of extreme loading caused by a combination 
of the most unfavourable functional and environmental loads". 


In order to administer these regulations and guidelines COGLA or its 
agents must have knowledge of the wave climate of the areas where activities 
are taking place in order that it may ensure that the owner or operator has 
submitted an adequate description of the wave climate. In some countries the 
regulatory agency has had guidance notes developed which contain a descrip- 
tion of the wave climate of selected areas. Neither such guidance notes nor 
the basic information required to compile them have been developed in 
Canada. 


2.2.5 Research Organizations 


The requirements of research organizations are different from those of 
the other groups. 


The designer, owner or operator, Classsification society and regulatory 
bodies are primarily concerned with the state of the art of design as it Is 
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published in manuals of recommended practice, in codes of practice, in 
classification rules and in regulations. 


The research organization, in cooperation with these other organizations, 
is concerned with the development of improved practices, codes, rules and 
regulations and in undertaking the necessary research and engineering studies 
to support this development work. Their objective is to achieve safer, more 
efficient and more cost effective structures that will support the exploration 
and recovery of hydrocarbons. The research organization is generally pushing 
the scientists and engineers to advance the theory relating to waves and 


provide more complex descriptions of the sea-state. 


The classification societies have research departments within their own 
organization and some design companies and owners employ highly qualified 
engineers whose role is to contribute to current research and development 
eriorts. 
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Summary of Requirements for Wave Data 


The requirements of the organizations described in Section 2.2 were 
determined by review of published reports and by discussion with representa- 
tive companies (reported in Section 2.4). 


The review of published reports placed emphasis on design manuals that 
describe procedures and methodologies accepted by the industry rather than on 
texts or conference proceedings that have not received review and acceptance 
by the industry. 


The available reports describe procedures that cover many topics. 
Procedures that require, or use wave data have been extracted and are 
presented in Appendix A. In this section the wave data that are required in 
following these procedures are summarized. 


The reports referenced in Appendix A differentiate between the design 
of structures fixed to the ocean floor and mobile structures. For fatigue 
analysis or the design and assessment of operations this differentiation is not 
so important. 


Consequently, Appendix A is divided as follows: 


Survival in extreme conditions 
Fixed structures 

Floating structures 

Fatigue analysis 

Operational assessments 
Requirements of Regulatory Agency 
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The design of structures to survive in extreme wave conditions may 
involve either deterministic or stochastic forms of analysis. 


In a deterministic analysis the stress produced in components of the 
structure or the response to a defined wave height and period is calculated. 
The wave height (and associated period) used in the calculation 1s generally the 
most probable maximum wave height with a return period of 100 years. 


In a stochastic analysis a probability distribution function of stress ina 
component of the structure or of the response of the structure to a sea state 
described by a wave spectrum may be calculated. The wave spectrum may 
also have a return period of 100 years. This wave spectrum may be 
determined from a study of the waves in the area. If not and if deemed 
appropriate, one of the standard spectral forms such as JONSWAP or Peirson- 
Moskowitz can be used. 


In practice, the deterministic approach Is frequently used for structural 
analysis while the stochastic approach is generally used for calculating motion 
response. A stochastic analysis is a calculation in the frequency domain. 
Analysis of structural response to irregular waves may also be completed in 
the time domain if the water surface profile is defined and the velocity and 
acceleration fields below the surface are estimated. Time domain analysis 1s 
recommended for calculations that are drag force dominated as are required 
for guyed towers. 
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Design for survival in extreme conditions may require knowledge of the 
most probable maximum crest elevation, with a defined return period, to 
ensure a wave does not impact with the upper deck of a structure. This crest 
elevation must be determined from a knowledge of the tidal regime and the 
probability of occurrence of storm surges as wel] as the maximum wave 
height. 


Fatigue anaylsis requires information on the frequency of occurrence of 
stress above a threshold level during the life of the structure and therefore 
requires a statistical description of the wave climate rather than just a 
knowledge of extreme events. 


Design and assessment of operations may involve a knowledge of the 
motion response of the structure and its support vessels, of the response of 
diving equipment or of the response of the structure while being towed, to give 
some examples. However, operational! concerns all require a detailed descrip- 
tion of the wave climate of the area where the structure will operate. 


The required wave data can be summarized as follows: 
For Deterministic Analysis 


Most probable maximum wave height for selected return period (typi- 
cally return period of 100 years). 


Wave periods that are associated with the selected wave height (analysis 
should be undertaken for the wave period that produces the largest load on or 
response of the structure). 


Analysis will consider lower wave heights for cases where the wave 
period associated with lower heights will cause larger stresses or response 
(than the wave periods associated with the larger waves). For structures 
where the orientation is fixed, it is necessary to define these extreme wave 
conditions by direction. 


For Stochastic Analysis 


A variance spectrum for selected return period (typically return period 
of 100 years). | 


Shape or formulation of wave spectrum and peak period (or other period 
parameter should be varied while maintaining the same characteristic wave 
height (significant wave height) in order to produce largest loads or response 
that could occur. 


Analysis will consider lower wave heights for cases where the wave 
periods associated with lower heights will cause larger stresses or responses. 


For structures where the orientation is fixed it is necessary to define 
these extreme wave conditions by direction. 


Underdeck Clearance 


Most probable maximum crest elevation for selected returm period 
(typically return period of 100 years). This elevation must consider the 
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elevation of the mean water level that is expected to occur during this event. 
This is influenced by the tide, atmosphere pressure, wind set-up etc. 


Fatigue 


Bi-variate frequency of occurrence (scatter) diagrams of wave height 
and period parameters (typically characteristic wave height and peak period) 
by direction. These diagrams may represent twenty years of data. 


Operational Design and Assessment 


Requirement is for description of the sea-state (e.g. characteristic wave 
height, peak period and mean direction) at regular intervals (e.g. 3 hrs) 
throughout a 3 to 5 year period from which many statistical presentations 
(such as exceedence and persistance diagrams) can be developed. 


Model testing in hydraulic laboratories are, for some designs, an impor- 
tant part of the design process to determine stability and motion 
characteristics. Typically, an instrumented model of the structure is sub- 
jected to simulated wave action in a basin. Either pressures on the model or 
the strain in selected members can be measured or the response of the 
structure can be monitored. 


The requirements of model testing programs for wave data depends 
largely on the capabilities of the laboratory to generate waves. However, 
some laboratories have now developed capabilities to reproduce almost any 
form oi defined sea-state. The scientist, engineer and instrument develop- 
ment companies are as a result being challenged to provide accurate, complex 
descriptions of the sea-states to which the structure will be exposed. 
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Interviews with representative Organizations 


During the course of this investigation, meetings were held with a 
number of organizations. The objectives of these meetings were as follows: 


- to obtain an overview of the design, classification and regulatory 
processes as they apply to the structures used for the exploration and 
recovery of oil and gas. 


= to identify the specific requirements of design, classification, regulatory 


and research organizations for wave data. 

- to identify any outstanding problems associated with the design, classifi- 
cation and regulation of structures designed for the exploration and 
recovery of oi! and gas that can be attributed to a lack of data or 
knowledge concerning wind generated waves and their effects on 
structures. 

Meetings were held with representatives of the following organizations: 


Design: 


~ Submarine Engineering, Aberdeen 
(T. Haavie, J. Dalgleish, W. Wagstaff) 


- Early and Wright, San Francisco 
(M.L. Griesert, M. Praught) 


- National! Maritime Institute Ltd., London 
(N.M.I. provides an analysis service to designers) 
(R. Standing, N. Hogben, L. Dacunha) 

Owner: 


- -  PetroCanada Resources 
(G.T. Glazier by correspondence) 


Classification: 


- American Bureau of Shipping, New York 
(S. McIntyre, H.H. Chen, B. Liu) 


- Det Norske Veritas, (Meeting in Ottawa) 
(J. Gorman) 


Regulation: 


- Canada Oil and Gas Lands Administration, Ottawa 
(R. Smith, T. Starr, F. Jackson, Y. Madsen, K. Sato, L. Muir) 


Research: 


- National Research Council of Canada, Ottawa 
(J. Ploeg, E. Funke, G. Mogridge, E. Mansard) 
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= Hydraulic Research Ltd., Wallingford 
(S. Huntingdon, A. Brampton, J. Weare) 


- National Maritime Institute Ltd., London 
(NMI also undertakes research) 
(R. Standing, N. Hogben, L. Dacunha) 


- Institute of Oceanographic Sciences, U.K. 
(J. Ewing, L. Draper, P. Challenor, D. Carter) 


- American Bureau of Shipping, New York 
(The research program of ABS was reviewed with S. Mclutry, H.H. Cheng 
and D. Liu) 


During the discussions with the various organizations it was confirmed 
that the industry follows the procedures summarized in section 2.3 and 
reported in Appendix A. Additional analyses may be undertaken, and frequent- 
ly are, however, the summarized procedures represent the minimum 
requirements. 


Similarily the wave data requirements outlined in section 2.3 also 
represent the minimum requirements for wave data, even though some 
organization may attempt to obtain more detailed information. 


All organizations discussed the need for improved or additional data in 
Canada. The urgency with which the data should be obtained depends on the 
location under consideration, the type of structure and the responsibilities of 
the organization. 


None of the design, classification or regulatory agencies identified any 
limitations of existing methods for obtaining wave data, of analysing wave 
data, or of applying wave data to design procedures that lead to unsafe 
structures, structures that are significantly over designed, or problems with 
operation of these structures. 


Important research and development work in the area of wave measure- 
ment and prediction and wave-structure interaction is Continuing. However, 
this research is not driven by a sense of urgency that disasters will occur if the 
work is not completed quickly. 


It is generally felt that the design of structures for exploration and 
recovery of hydrocarbons is satisfactory when measured against other 
industries. For example Hammett (1983) reviewed the performance of semi- 
submersible drilling units. He notes that the petroleum industry has more than 
1600 rig-years experience in using semi-submersible drilling units. In that 
time approximately 6,000 wells have been drilled which involved more than 
130,000 man years. Semi-submersible drilling units have been subjected to 
100-foot wave conditions, have continued drilling in 40-foot waves, and have 
transited over 1,000,000 miles in all kinds of sea-states. Hammett (1983) 
provides the following information on casuality rates. 
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Total loss for Mobile Offshore Structures 
and Merchant Ships in Worldwide Operation (1970-1976) 


Lype of Vessel Casuality Rate 


(Loss of units per 
100 Vesse!-Years) 


Mobile Rigs 0.9 
Jackups 1.4 
Semi-submersibles O75 
Barges 0.5 


Merchant Ships Ore 


The discussions with the various organizations produced many facts and 
recommendations that have been incorporated into the text of this report. 
Some of these points, which in the authors opinion should be highlighted, are 
noted below. These points are mainly concerned with recommendations or 
requirements for studies of waves and structure response to wave action. 


Designers: 


Earl and Wright noted the variation in the magnitude of the extreme 
wave conditions throughout the study area and stressed the need to have 
extreme waves, winds and currents for each of the many different parts of the 
study area. 


Ear! and Wright also noted that for operational planning it is desirable to 
have in the order of five years of simultaneous measurements of waves, winds 
and currents. 


Submarine Engineering provided considerable information on current 
design procedures. A concern with the lack of information and design 
procedures addressing wave steepness and wave grouping and the resulting 
effect of these phenomena on a structure was noted. The need for improved 
design procedures and regulations addressing wave induced drift forces and tilt 
was also noted. Submarine Engineering stressed the requirement for contin- 
uous simultaneous measurements of waves, winds and currents for the assess- 
ment of operations. 


Owners: 


PetroCanada presented a valuable statement on current practice that is 
reflected in this report. The benefit of a measurement and research program 
that has the object of verifying appropriate statistical wave height distribu- 
tions for East Coast storms of various intensities and durations, in order to 
provide confidence in extreme wave heights, was noted. 


PetroCanada commented, when referring to wave data available in the 
study area that "The data available are adequate for design procedures 
presently in use. However if higher quality or different data were available, 
then engineering practice could be enhanced to use the better data.” The 
conclusions of this report are in variance with this comment. This report 
concludes that the available data do not provide a reliable description of the 
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20 
wave climate of the study area and are insufficient for the estimation of 
extreme events. 
Classification Societies: 


The American Bureau of Shipping (ABS) expressed general satisfaction 
with the current design methods that are reported in Appendix A. 


ABS noted that a number of items are being studied and reviewed by 
their Research Department. These items include: 


- non linear effects in calculations of response of structures to 
waves 


time domain analyses 


- effects of waves and currents on structures and wave-current 
interaction 


- extreme wave conditions 
~ directional spectra 
Regulation Agencies: 


The Canadian Oil and Gas Lands Administration (COGLA) provided 
valuable insight into their concern with operations and the requirement of 
wave data for the assessment of operations. The effects of waves (and 
currents) on diving operations associated with oil and gas structures and the 
dependency of many activities on the timely completion of diving operations 
was noted. The relationship between quantities of consumables to be stored on 
a structure with the duration and frequency of downtime was stressed. Wave 
data is essential to the downtime calculations. 


Research: 


The National Research Council (NRC) are concerned with the true 
simulation of prototype sea-states in a wave basin designed for model testing 
of structures. NRC are investigating the variations in structure response to 
many phenomena such as wave grouping, wave steepness, and extreme wave 
heights. NRC stress the need for improved prototype measurements of waves 
to support this work and to eventually assist in the incorporation of the results 
of this work in engineering design procedures. 


The Hydraulic Research Station, U.K. (HRS) noted the requirement to 
evaluate the response of some structures to waves in the presence of a 
current. HRS have also demonstrated that some structures have a critically 
different response in a directional sea-state than in uni-directional long 
crested waves. 


The Nationa! Maritime Institute, U.K. (NMI) noted that current design 
procedures provide satisfactory results for the design of offshore structures. 
NMI are investigating the following items in their continuing research: 


~ low frequency response of structures 
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- free surface kinematics 
~ response of structures to waves in the presence of a current 
- response to directional sea-states 


The Institute of Oceanographic Sciences, U.K. (IOS) provided consid- 
erable background to wave related concerns in the U.K. The comments are 
contained in this report. An item of research that is of concern to this study 
area is the prediction of mean water levels that could be associated with the 
peak of the design storm (of perhaps 100 year return period). The design wave 
height is added to this mean water level to obtain the maximum crest height 
which some structures might encounter. 
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Currents and Winds 


From an engineering perspective waves cannot be treated in isolation 
from currents and winds. 


In the design of a structure it is the total load on the structure, or one of 
its members, that must be considered. Consequently, the current and wind 
conditions that will exist at the same as the selected wave conditions should 
be known. 


In the assessment of operations, data on wind, currents, reduced visibil- 
ity, etc. should be available as well as wave data, as it may be a combination 
of events that lead to unsafe conditions or a closing down of an operation. The 
duration of downtime of a particular operation may depend on all of these 
environmental parameters. For example, currents are likely to be a very 
important phenomenon, in addition to wave action in restricting diving 
operations. 


2.5.1 Design 


For the design of a structure the publications referenced in Appendix A 
Stress the need for complete environmental data. 


API 1982 states that "the tides, currents and wind which potentially 
occur simultaneously with the wave trains producing the extreme events" 
should be developed. It further states that "environmental loads should be 
combined in a manner consistent with the probability of their simultaneous 
occurrences during the loading conditon being considered". 


ABS 1983 notes that the most severe environmental conditions will 
normally be composed of "The maximum wave height correspondence to the 
selected recurrence period, together with the associated wind, current and 
limited water depth, and appropriate ice and snow effects". It also notes that 
consideration should be given to permutations of the combinations of these 
events, and that the recurrence period of the (total) event is normally not to 
be less then one hundred years. 


It is clear that presentation of extreme wave data for design purposes 
requires a description of the current and wind that will occur at the same 
time. In fact it is desirable that a number of combinations of waves, winds 
and currents be considered where the return period of the joint event of three 
occurences is 100 years or more. 


2.5.2 Operations 

The data required for complete assessment of operations is simultaneous 
observations of waves, currents and winds and, desirably, other phenomena 
such as visibility, ice, and air temperature. These observations should be made 
continuously over a period in the order of three to five years. 


Paes Current and Wave Interaction 


Waves propagating in a current may be significantly influenced by the 
current to the extent that steepening and breaking of the waves may be 
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induced. Variations in surface currents may also cause refraction, a pnenom- 
enon where wave energy is concentrated in certain areas and dispersed in 
other areas. Consequently, any definitive study of the wave climate of a 
selected area requires a knowledge of the currents that occur in that area. 


In this investigation the quality and availability of wind and current data 
that are required by the design, classification and regulatory organizations 
have not been investigated. 
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Available Wave Data for Eastern Canada Study Area 


This section discusses and assesses the three major types of wave data 
available for the study area. 


Section 3.1 discusses instrumentally measured wave data. Section 3.2 


discusses visually observed data from ships of opportunity. Section 3.3 discusses the 
"hindcast" datasets which are produced by using computer models to estimate waves 
from time series of historical wind speeds and directions. 


ous 


_Instrumentally Measured Wave Data 


3.1.1 Characteristics of Instrumentally Measured Wave Data 


Extensive measurement of waves has been undertaken in Eastern Canada 
since 1970 primarily by the Marine Environmental Data Service (MEDS) of 
Fisheries and Oceans. Much offshore data has been acquired through cost 
shared programs between MEDS and the oi] companies operating the drilling 
units. The Datawell Waverider buoy has been used as the wave sensing 
instrument. The Waverider consists of an accelerometer housed in a 0.7 or 0.9 
metre diameter floating sphere that is tethered with a single point mooring. 
In normal operation the vertical trave! of the buoy is measured as a function 
of time for twenty minutes every three hours and from this record various 
parameters describing the sea state can be determined. No information on 
wave direction is provided by this system. 


Waves have been measured using other methods, but compared with the 
Waverider measurements few records obtained by other systems exist. Wave 
records have been obtained by measurements obtained with radar systems 
mounted in satellites, with fixed staffs mounted on piers in coastal areas, and 
since 1983 using a buoy capable of measuring wave direction. 


It is estimated that approximately 219,000 twenty minute records have 
been obtained with the Waverider buoy within the study area. These records 
can be categorized as follows: 


- measurements made close to the shoreline in support of the design of 
harbour or coastal structures. These amount to approximately 45 per 
cent of the available records and have little use to the oil and gas 
industry; : 


- measurements made at coastal locations to provide long term wave 
statistics. These records also have limited application to the oil and 
gas industry; 


- measurements made during oil and gas exploration activities in the 
cooperative ventures between MEDS and the operators. These amount 
to approximately 62,330 records or 28.5 per cent of the available data. 
The measurements provide information on wind generated waves in 
areas where exploration is procecding. 


The standard parameters used to describe the magnitude of the wave 
conditions are the characteristic (or significant) wave height and the peak 
period. These variables are obtained from a variance spectrum analysis. 
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Common parameters used to describe the sea state and analysis procedures are 
described in section 2.1 of this report. 


There is no doubt that the available recorded wave data are, and will be, 
invaluable to engineers and oceanographers concerned with exploration for 
recovery of hydrocarbons. However, these data provide only intermittant 
coverage for relatively short periods at any one location. In addition an 
absolute measurement of the wave profile is not obtained because the buoy has 
little lateral restraint. As stated above no information is provided on the 
direction of wave travel. 


As discussed in earlier sections of this report, it is clear that the 
ultimate wave record for a location where recovery of oil or gas is to take 
place would be at least one hundred years in length and would include wave 
direction information and a relatively complete and accurate description of 
the water surface profile. A twenty year time series is the minimum required 
for the reliable prediction of extreme events for the oil industry. Non- 
directional wave measurement on Canada's east coast began in ernest with 
hydrocarbon exploration in the early 1970's. Directional measurements began 
only in 1983 and are as yet not proven to be reliable. Absolute measurements 
of the surface profile on a scale suitable for the development of climatological 
descriptions of the parameters over a significant ocean area are not feasible 
at this time. 


Consequently, the available measured data do not provide a basis from 
which reliable estimates of the required wave climate parameters can be 
obtained. The measured series are too short and do not include all necessary . 
variables. 


One of the primary uses of these data is for the verification of numerical 
procedures for estimating wave conditions from known meteorological 
conditions. These wave prediction (or hindcasting) procedures are discussed in 
section 3.5. 


The fact that the existing data have been obtained only during explor- 
atory programs means that data are not available for areas where exploration 
is about to start. The existing data may be limited because the measurements 
are confined to the exploratory drilling season and do not provide coverage 
during the most severe part of the year, a period to which permanent 
structures would be exposed. 


Remote sensing techniques have been used to measure waves from 
satellites or aircraft. These techniques are even more recent than the 
Waverider measurement program and the time series are therefore shorter. 
The techniques involve the use of laser altimeters and sophisticated radars. 
To date only. the laser altimeter has been proven capable of producing 
accurate results on the continuing basis required to develop climatological 
data sets. The laser, altimeter produces only a wave height value and does not 
measure periods, directions on wave profiles. 


Details of the available recorded wave data that have been obtained in 
the study area are provided in the following sections. 
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3.1.2 Availability of Instrumentally Measured Wave Data 


The majority of wave records of interest to this study have been 
obtained and archived by the Marine Environmenta] Data Service (MEDS), 
Fisheries and Oceans. Other organizations that have obtained wave records 
are the National Research Council of Canada and the National Oceanic and 
Atmospheric Administration (NOAA) (satellite data). These data are described 
in the following sections. All of the data described are archived by MEDS 
either in digital or report form. 


3.1.2.1 MEDS Holdings 


MEDS has been largely responsible for the retrieval, analysis and 
presentation of all wave measurements undertaken in Canadian waters since 
1970. Wave data have been obtained at over 200 locations using buoys, staff 
gauges and pressure cells. 


The locations where MEDS has obtained wave data within the study area 
are shown in Figure 3.1. The period of coverage for each location is provided 
in Appendix C. 


The standard product available for each of the indicated locations are 
various presentations of the characteristic wave height and peak period 
obtained at 3 hour intervals when the characteristic height is less than 4 
meters and every 20 minutes when greater then 4 meters. Many other 
products and statistical presentations are available and these are described in 
MEDS publications. The variance spectrum for each wave record is also 
archived. 


As stated the data of interest to this study were obtained using the 
Datawel!l Waverider buoy. These buoys are calibrated by MEDS before and 
after deployment and the estimates of wave heights are considered to be 
accurate to within 3 per cent. 

The Waverider buoys move in an approximately circular motion restrain- 
ed by its single point mooring. Consequently, the resulting water surface 
profile is not exactly the same as that measured by a fixed staff. This is a 
limitation of the Waverider data to some engineering applications. 


3.1.2.2 NRC Wave Study 


A wave climate study of the Great Lakes and Gulf of St. Lawrence was 
completed by the Hydraulics Laboratory of the National Research Council 
during the three year period 1965-1967, Ashe and Ploeg (1968). Wave records 
were obtained with accelerometer buoys at ten locations in the Gulf of St. 
Lawrence as shown in Figure 3.1. The results of this study are presented in 
Ashe and Ploeg (1968). They include listings of the characteristic wave 
heights and periods obtained at each location. 


3.1.2.3 NOAA Satellite Data 


Several NOAA satellites have had on board a laser altimeter device with 
the capability to measure significant wave height. Only the data from the 
SEASAT satellite which operated from July to October 1978 has been 
acquired, assessed and archived by MEDS. These data have not played a part 
in the development of knowledge of design conditions or wave climate 
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statistics due to their short time series and the limitations of the measure- 
ment to significant wave height only. 


3.1.3 Assessment of Instrumentally Measured Wave Data 
3.1.3.1 MEDS Measured Data 


The data collected by the joint MEDS-industry programs in association 
with exploratory drilling is considered to be of excellent quality. The 
calibration procedures for the instrument and the contro] applied to the data 
conform to accepted scientific practice. However, the spacial and temporal 
coverage are acknowledged to be limited and wave direction is not measured. 


When and where the data exist they are suitable to be considered the 
standard for evaluation of the performance of other methods of determining 
the wave spectrum, the characteristic wave height and the period of the most 
energetic frequency band in the wave field. 


3.1.3.2 NRC Wave Study 


The data from the NRC wave study were obtained with first prototype 
accelerometer buoys and are not considered to be as reliable as the Waverider 
data. The same comment regarding spatial and temporal coverage applies. 


3.1.3.3 NOAA Satellite Data 


The data from the SEASAT satellite was evaluated against the measured 
data held in MEDS for the periods and locations where coincidences of 
measurement occurred. The results indicated the SEASAT data were accurate 
to within 10% and therefore would be valuable from a wave climate perspec- 
tive if sufficient spatial and temporal coverage were available. 


The temporal coverage is of course not available since the satellite only 
lasted a little over 3 months. The spatial coverage of such a satellite would 
approximately match the number of observations available from the merchant 
fleet of ships reporting visual wave observations. (RA Jones, personal! 
communication). 


Observations by Ships Officers 
3.2.1 Characteristics of the Shipboard Observation Data 


Observations of wave conditions as well as meteorological phenomena 
are routinely made by merchant shipping. From many ships these data are 
transmitted to various agencies where they are sorted, edited and archived. 
Data obtained since the early 1900's have been archived and used by some 
agencies. The majority of the data are, naturally, concentrated along the 
major shipping routes. 


The ships officer is required to estimate and report the significant height 
and significant period of the locally generated waves as well as the significant 
height, significant period and direction of the swell. The significant height is 
defined as the average height of the larger well formed waves, and the 
significant period as the average period of these waves. 
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3.2.2 Availability of the Shipboard Observation Data 


Ship observation data covering the study area can be obtained from the 
U.S. National Climatic Center in Ashville, North Carolina or from the UK 
Meteorological Office, Bracknell (U.K. data are also available in synthesized 
form from the National Maritime Institute). 


Data from the U.S. National Climate Center are summarized in publica- 
tions entitled "Summaries of Synoptic Meteorological Observations". 


The Atmospheric Environment Service (AES) of the Department of the 
Environment has acquired the visually observed data and has provided a copy 
of the east coast observations to MEDS. 


3.2.3 Assessment of the Shipboard Observation Data 


Many researchers, for example Hoffman et al. (1978), Chen et al. (1979): 
Cummins and Bales (1980), Andrews et al. (1983), and Hogben and Lumb (1967), 
refer to limitations of ship observation data. The data are considered to have 
limited reliability because the estimates are made by different observers with 
different backgrounds and training, while standing at different elevations on 
moving ships in varying conditions of weather and visibility. The main 
limitation of the data, other than the observer bias, is the fair weather bias 
that results from the tendency of ships to avoid storms. Observations of wave 
period are considered by most investigators to be particularly unreliable. 


Comparisons between reported visual observations and the significant 
wave height from recorded data show considerable scatter, as illustrated in 
Figure 3.2 from Hogben and Lumb (1967). Relationships between the signifi- 
cant wave height from an instrument recording a visual observations of wave 
heights and periods have been developed by many investigators including 
Hogben and Lumb (1967), Nordenstrom (1975), Jardine (1979), and Ochi (1978). 
The variation between these relationships is illustrated in Figures 3.3, 3.4 and 
3.5 from Andrews et al. (1983). 


Andrews et al. (1983), describe ‘considerable divergence’ between these 
developed relationships for the higher values of wave height and period and 
note 'that estimates of extreme wave height based on visual observations of 
height alone may be subject to considerable uncertainty’. 


On the other hand it has been noted by Captain Blackham of Noble 
Denton, UK (personal communication) that the assumption of a fair weather 
bias many not be justified in certain areas off the Canadian east coast. He 
points out that storm avoidance can be made difficult because of the 
geography of the area and because of the economic implications of remaining 
in port to wait out a storm or steering a longer course around it. He has also 
pointed out that the ships reporting visual observations are generally large and 
designed to weather the most severe Atlantic storms. 


Wilson (1983) reported on a comparison of a variety of wave datasets for 
the Newfoundland Grand Banks. The comparison failed to produce evidence of 
a fair weather bias in the visually observed data. However, it is Known that 
the database has in it a certain amount of erroneously coded data. It could not 
be concluded with certainty that these erroneous data did not offset the fair 
weather bias. 
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Figure 3.2 Comparison of Measured Significant Wave 
Height Versus Visually Observed Height (Hogben and 
Lumb, 1967). 
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Figure 3.3 Comparisons of Instrumental and Visual Wave Height 
Observations (Andrews et al., 1983). 
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Figure 3.4 Comparisons of Instrumental and Visual 
Wave Period Observations (Andrews et al., 1983). 
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Figure 3.5 Comparison of Visual and Modal Wave Period (Andrews et al., 1983). 
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A more thorough study of the visual observed wave data including 
further quality assessment and intercomparisons with hindcast and measured 
data is in progress in MEDS. However, that study will not produce results until 
mid-1984, 


The limitations of ship observation data can be summarized as follows: 


| There is limited coverage for areas not covered by the major shipping 
routes. 


2. From an engineering point of view the description of the sea state is 
limited since wave spectra are not available and the observed period is 
unreliable. 


as The observations are not considered, at this time, to be sufficiently 
precise for estimating the extreme events required for the design of 
ocean structures. 


The METOC data set and the NMIMET procedure described in section 
3.3. and 3.4 below are based on visual observations. In each case processing 
procedures have been designed to overcome some of the limitations described 
above. 


METOC Wave Data 
po RG as | Characteristics of the METOC Wave Data Set 


The METOC wave data set has been prepared from significant wave 
charts prepared twice daily by the Canadian Forces METOC (Meteorology- 
Oceanography) Centre in Halifax. The charts are prepared from ship observa- 
tions supplemented with real-time Waverider buoy data from exploratory oi! 
rigs and coastal locations. The observations and buoy data are further 
supplemented with data derived from estimated winds using simple hindcast 
procedures to fill gaps where no ship observations or Waverider data are 
available. This tends to overcome the limitation that the visual observations 
are concentrated on the major shipping routes. 


The digital dataset has been obtained by manually abstracting values of 
wave height, wave period and wave direction from the historical wave charts 
for each five degree square. This work been carried out by the Bedford 
Institute of Oceanography and the Atmospheric Environment Service. 


The main grid used in the abstraction consists of squares of five degrees 
Jatitude by five degrees longitude, except in coastal areas where the grid has 
been distorted to accommodate the coasta! topography. 


The wave predictions used in the preparation of the METOC chart takes 
into account ice conditions limiting wave generation and propagation. 


3.3.2 Availability of the METOC Wave Data 


The METOC charts cover the North Atlantic Ocean between 25 degrees 
north latitude and 70 degrees north latitude, excluding major embayments 
including the Gulf of Mexico, Gulf of St. Lawrence and Hudson Bay. The grid 
points applicable to the study area are shown in figure 3.1. 
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The wave height data abstracted for five degree squares by the Bedford 
Institute cover the the period January |, 1970 to December 31, 1980. The 
period and direction data and the maximum significant height occurring in 
each five degree abstracted by the AES cover the period May 1, 1972 to 
December 31, 1980. These data sets have been integrated in a single magnetic 
tape by MEDS and are available from BIO, AES or MEDS. 


3.3.3 Assessment of the METOC Data 


The quality of this data set can be considered to be higher than that of 
the ship observation data from which it has been prepared. This is due to the 
subjective quality assessment carried out by the analysts while preparing the 
charts. The analysts can and do compare observations from nearby ships to 
identify errors and use the previous chart and the hindcasting nomograms to 
assess individual observations and fill data gaps. 


The METOC data have been compared to that produced by four of the 
five hindcast described in later sections. It is not possible to assess the 
METOC data against measured data since the measurements were reported to 
the Center and were used in preparing the charts. Therefore they must agree. 


Figure 3.6 (Oct. 73) is a comparison of the METOC data with measured 
data, with a SOWM hindcast point and a WIS hindcast point in the vicinity of 
Hibernia. Figure 3.7 shows the locations of the wave data points used in this 
comparison and those others used in later parts of this section. The agreement 
is quite acceptable for operational concerns during the period October 13 to 3} 
when the measurements are available. During the period October 9 to LZyitais 
not clear which wave height is correct. Figure 3.8 (March 73) on the other 
hand is featured by a sharp disagreement between the data sets at another 
location near Hibernia. A review of the pressure analysis and the ice chart 
reveals the cause. The METOC data is in fact the more correct. The 
hindcasts produced large waves because the low pressure area generating the 
wind was located to cause a long fetch generating area extending NNW into 
the Labrador Sea. However the waves were not generated because a broad ice 
field extended from the Labrador Coast almost to Flemish Cap and severely 
limited wave growth. The ice limit was not included in the SOWM and WIS 
hindcasts. 


Other comparisons to the hindcast datasets revea) that the METOC data 
frequently agrees with one or more of these while disagreeing with others. 
While there is no consistent agreement with the other data sets it can be said 
that the METOC data usually agrees better with the more carefully done 
hindcasts. 


The Mobil Oil hindcast contained eight storms for the period 1970 te 
1980. For six of these storms there were no measurements available for the 
preparation of the METOC charts and the data provides an independent check 
on the METOC data. Table 3.1 below compares the peak significant wave 
heights for each storm. 
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Date H 1/3 METOC H 1/3 CARD 670 
March 4, 1978 Ihe5 10.9m 
January 21, 1977 230 12.6m 
March 18, 1976 zp] 10.6m 
March 11-12, 1974 20 11.4m 
January 17, 1971 6.) 12.5m 
January 22, 1970 10.2 13.3m 


Table 3.1 METOC and Mobil hindcast maximum significant waveheights for six 


3.4 


storms. 


In assessing a dataset such as METOC the uses of the data must be kept 
in mind. There are essentially two applications for which the data can be 
used. The first is the determination of the wave climate for operational 
concerns. Examples of this would be the determination that the waves were 
larger than a given height for 30% of the time in February or that once the 
waves exceeded 6 metres at a given time of year they persisted above that 
height for 36 hours on the average. 


It is concluded that in areas where there have been sufficient ship 
reports over the vears and throughout the seasons of the year, the METOC 
data as published by Neu (1982) is good for these sorts of applications. 


The second application for the METOC data would be in the estimation 
of return periods for extreme events. The estimation of an accurate return 
period depends on the accurate determination of peak wave heights for all the 
most severe storms. It is concluded that the METOC data is not as reliable for 
this application as a carefully prepared hindcast for the following reasons. 


- the hindcast method used in preparing the charts in the absence of ship 
observation data is not nearly as sophisticated as that used in the better 
hindcast models. 


- The personne! preparing the charts have less data and less opportunity to 
assess the developments of the winds in a storm than those preparing 
after the fact the hindcast input with a full history of the stormand the 
additional observation data which missed the cutoff in the real-time 
operations. 


- the distributicn of ships and the accuracy of their observations can not 
be expected to always be such as to pick up and produce accurate reports 
of the storm peaks. 


- the suspected fair weather bias may be a factor in some or many 
circumstances. 


NMIMET Procedure 
3.4.1 Characteristics of the NMIMET Procedure 

NMIMET is a suite of computer programs developed at NMI Ltd., 
Feltham U.K., in collaboration with the U.K. Meteorological Office, for the 


purpose of synthesising statistics of wave climates frorn visual observations of 
wave height and wind speed, or wind speed alone. 
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Extensive ship observations made in Canadian waters have been archived 
by the U.K. Meteorological offices. These observations are sufficiently 
numerous for the development of meaningful statistics only in the vicinity of 
major shipping routes. These data in their "raw" form contain many 
limitations as discussed in section 3.2.3. 


In NMIMET a parametric model of the joint probability of wave height 
and wind speed is used as a best fit function for smoothing and enhancing the 
quality of the ship observations of waves. Inplausible observations are thus 
suppressed without subjective intervention. 


Details of the models are contained in Andrew et al (1983). 


Outputs from the model consist of scatter diagrams by season and 
directional sector where sufficient data exist. The frequency of extreme 
events can be estimated using either Weibull or log-normal techniques based 
on all the data. The use of this technique to estimate extreme events has not 
been theoretically justified and is considered questionable. 


3.4.2 Availability of the NMIMET Data 


The National Maritime Institute of the UK wil! produce, for a charge, an 
analysis of the ship observation data for anywhere the data are available. If 
the area of interest is off the major shipping routes it may be necessary to 
increase the size of the area in order to obtain sufficient observation data to 
produce a reliable synthesis. 


3.4.3 Assessment of the NMIMET Analysis 


The NMIMET procedure has been extensively assessed by the developers 
of the procedure against measured data in the vicinity of the UK. The results 
there were good for the exceedence of wave heights. 


NMIMET data were obtained for three Jocations in the study area in 
order to obtain some experience with the data. It was expected that wave 
climate statistics (for example the wave height exceeded for 50 per cent of 
the year) would compare favourably with the METOC data and, possibly, the 
SOWM and WIS hindcast data for the more offshore locations. This was not 
found to be the case. These comparisons are presented and discussed in 
section 3.6. A verified source of data does not exist in the study area suitable 
for comparison with NMIMET data so it is not possible to draw firm 
conclusions as to the reliability of the NMIMET data. At this time these data 
can only be treated with caution as must the other datasets. 


It is not expected, for the reasons discussed when reviewing ship 
observation and METOC data in general, that these data would be particularly 
suitable for the estimation of extremes. However, there is no suitable data 
available to either substantiate or disprove this expectation unequivocably. 


Hindcast Wave Data 


The sea state or the magnitude of the waves, on any body of water, can 
be predicted to a reasonably accuracy if the wind field over the water and its 
time history are known. The calculation requires a numerical mode! that 
should simulate the physical processes of wave generation by wind, wave 
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growth, wave-wave interaction, wave propagation and wave-current inter- 
action and wave seabed interaction. If the physical processes are well 
represented by the numerical model, the reliability or accuracy of the 
prediction of the wave conditions is dependent on the accuracy of the 
description of the wind field over the generating area. 


There are two categories of models. The simplest models represent an 
empirical approach that provides an estimate of the significant wave height 
and period, or similar parameters, and do not deal in depth with the physics of 
the problem. The other category includes the spectral models that describe 
the sea state by a directional variance spectrum. These models may include 
equations that deal with the spectral energy balance and the transfer of 
energy between wave periods (wave-wave interaction). 


These latter models generally involve far more complex procedures than 
parametric models, and require relatively powerful computers. 


In the simplest models, the wind velocity is assumed to be constant over 
the generating area, while in the complex models, the wind velocity is input at 
grid points over the generating area. 


The accuracy of the latter mode! is partially dependent on the size of 
the grid and time interval between the wind velocity data. The wind data for 
the grid are determined from pressure gradients, although in some instances, 
these may be blended with winds obtained by other means. A more complete 
discussion of the state of the art of methods for sea state prediction is 
contained in Cardone and Ross (1977). 


Many wind-wave hindcasts, which are based on historical wind data, have 
been undertaken for specific sites and have limited use for other areas. Two 
exceptions in the study area are hindcasts completed by the U.S. Navy, and the 
U.S. Army Corps of Engineers. 


The U.S. Navy Fleet Numerical Oceanographic Center undertakes con- 
tinuous wave forecasts using a spectral model of the oceans of the northern 
hemisphere. Of particular interest to this study, is a 20-year hindcast of the 
North Atlantic, completed with the U.S. Navy Spectral Ocean Wave Model 
(SOWM). These data for grid points in the study area have been archived by 
MEDS. 


The U.S. Army Corps of Engineers, also completed a 20-year hindcast for 
the North Atlantic, using much the same pressure data as used in the Lis? 
Navy hindcast, but with an improved description of storms over the east Coast 
of the U.S.A. This hindcast used a wave prediction model developed by Resio 
(1981). The results of this hindcast have been archived for a number of grid 
points close to the U.S. and Canadian coasts. 


Both of these hindcasts do not, because of their grid size, include an 
accurate definition of the shoreline, nor do they include allowance for any 
shallow water effects or consider the effect of ice in limiting wave growth. 
Consequently, they do not provide a reliable definition of the wave climate 
close to the shoreline or in the presence of ice. The above models are 
discussed in detail in the following sections. 


: 
ATTY 


, het +94. ‘T mari i ct 


if ahi ; ; Ve. ni YO 


oo : 
: WI De 
‘ nig 
1: 
oe 
ao 
o ’ 13 
of F 
et ‘ 
4 sj j 
oe 
4 
’ { 
bs oe wy 4 
t 
; j 
2 * a 
. -s* o 
¢ 
% e 
ba c 
} 
; A i | 
” 1 D 
iwc s | Wied. aleasnta!l 
a 
Dee Te 1 f 
1 i. , i @ 
"4 yj f ‘ 
29 it i953 yi ‘ 
, i 
‘ 
; | 
Heariaa ta eqro) vin a1) ati — 
. ‘ ° BS) * ~~ sug ai 4 
‘ ; ‘ ‘ fet oe 
~_" Pn a ili P [ A ‘ “1 a P 
may) i Pa ea | ‘ 1 10 jaa < a fi ae 


noid Vie de Beeeiy fas! leutT Ae aah te 
cod gyal Seach : to arluaen off AL8V4): 
Pibess.> | Ll) ol? ef geeks atated a 


oh t Setthsrnt: y te ought ob ots 

-stte. af wbizncs » atts jotaw we 

4 nominisd sldsilsy @Sbivewy ton ob YS Vitneupes 
| » lo sonagege ed? ni fon@edla oviy of 
aro it she Sri ‘ol ove od Raeeb it bagee 


oh 


42 


Both hindcasts required considerable effort in the development and 
editing of the wind data. They also required very extensive data processing 
capabilities to undertake the analyses. 


While the U.S. Navy and U.S. Army Corps of Engineers hindcasts provide 
coverage of the North Atlantic, they do not provide similar coverage of the 
Gulf of St. Lawrence. The U.S. Navy data covers the Gulf of St. Lawrence but 
it is considered to be unreliable because the grid poorly defines the shoreline. 


Other hindcasts have been completed for locations in the Gulf of St. 
Lawrence and some hindcasts have been undertaken for Lancaster Sound. The 
major hindcasts are discussed in the following sections. 


Hindcast Wave Data 
Sapa | SOWM Hindcast 


The spectral offshore wave model (SOWM) was originally developed by 
New York University and others for the Fleet Numerical Oceanographic 
Center in the early seventies. 


Since 1974, the SOWM model has been used to provide real-time, twice- 
daily analyses and 48-hour forecasts for use by the U.S. Navy in the northern 
hemisphere. 


In response to a Seakeeping Workshop in 1975, which highlighted the lack 
of reliable wave data available for successful ship design, a special project was 
started to define the wave climate of the major oceans and seas of the 
northern hemisphere. 


As part of this project, a twenty-year (1956-1975) deep-water wave 
spectral climatology has been developed and published for the North Atlantic. 
It is these data that are of interest to this study. 


The SOWM is described in Lazanoff and Stevensen (1977), as follows: 


"The SOWM computes two-dimensional (15 frequencies by 12 directions) 
wave spectra, using modified Phillips~Miles growth mechanism. Growth 
is limited by the Pierson-Moskowitz fully developed wave spectrum for 
the given wind velocity. The wave energy is spread directionally by the 
technique developed in the Stereo Wave Observation Program €SWOP). 
Wave energy is propagated across approximately 2000 grid points 
throughout the North Pacific and North Atlantic Oceans, on an 
Icosohedral-Gnomonic projection with grid spacing ranging from 160 km 
to 300 km. 


The Icosahedral-Gnomic projection allows great circles to be represented 
by straight lines within the triangles. Wave energy dissipation is a 
function of wind direction (wind direction 180 degrees to the wave 
energy direction causes the most dissipation), frequency to the fourth 
power, and energy in the wind sea. The model uses a three-hour time 
step. The SOWM does not contain any non-linear effects." 


The model does not account for wave/wave interactions. There are 
approximately 450 grid points in the North Atlantic. 
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The model takes into account the propagation of swell waves. If at the 
time of the calculation, the locally generated significant wave height at a 
particular grid point exceeds five feet, swell is propagated in a radial manner 
until the significant wave height of that train has decreased below three feet. 
The sea state at any grid point is described by the summation of the locally 
generated wave spectra plus the incoming swell from all directions. 


The validity of any hindcast is dependent on the reliability of the wind 
velocity input to the model. Lazanoff and Stevenson (1977), describe the 
development of the wind data for the 1956-1975 northern hemisphere project 
as follows: 


"First, a contract was let to a private company to produce northern 
hemisphere surface pressure analyses every six hours for twenty years. 
The surface pressure analyses were derived by using previously com- 
pleted surface pressure analyses as a first guess and upgrading the 
analyses with surface pressure and wind velocity observations from the 
U.S. National Climate Center land and ship data file. The wind velocity 
data was used to calculate surface pressure gradients. When original 
surface pressure analyses were not available, the observations were used 
to produce new surface pressure analyses. The new surface pressure 
analyses were computed forward in time and were compared to the 
original surface pressure analyses which were computed backward in 
time. 


An algorithm was developed which computes modified gradient wind 
velocities, and accounts for air-sea temperature differences for all grid 
points. The winds were adjusted to an elevation of 19.5 above sea level." 


The application of SOWM to the northern hemisphere project (1956- 
1975), was undertaken by the Fleet Numerical Oceanographic Center. 


The SOWM hindcast data set for the Atlantic Ocean has been obtained, 
archived and processed by MEDS to produce maps of exceedences and extreme 
events. These maps are presented in section 3.6. Figures 3.1 shows the 
position of SOWM hindcast points in the study area. 


The validity and accuracy of the SOWM mode} has been discussed by 
many researchers. It is important that the input wind data, the prediction 
procedure and the physics be assessed. 


A problem with the verification of the SOWM 1956-1975 project for the 
North Atlantic, is the lack of reliable and long-term wave data measured at 
offshore locations close to SOWM grid points. In fact, no data that meet these 
specifications were recorded during 1956-1975 and, consequently, any attempt 
at verification will be inconclusive. 


A number of technical papers discuss the verification of the SOWM 1956- 
1975 project; Lazanoff and Stevenson (1977); Chen et al. (1979); Cummins and 
Bales (1980); Bales et al. (1980); and Pierson (1982), for example. None of 
these papers provides systematic and consistent Comparison of all available 
data with the SOWM data. In a discussion of Cummins and Bales (1980), the 
need for further validation is stressed. However, it is doubtful whether firm 
conclusions with regard to the reliability of the SOWM 1956-1975 project are 
possible because of the limited data available for this purpose. 
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It is important to note that the major investigators, who are affiliated 
with the U.S. Navy, The American Bureau of Shipping, Hoffman Maritime 
Consultants Inc. and New York University, without exception enthusiastically 
endorsed the SOWM 1956-1975 data when discussing the application of these 
data to ship design and evaluation. 


A brief summary of some of the reports describing validation of the 
SOWM 1956-1975 data for the North Atlantic follow. 


LazanoiPer als 19/7 


Lazanoff et al. (1977), in an initial assessment of the 1956-1975 hindcast, 
noted that the SOWM wind speeds were significantly less than the measured 
wind speeds in high wind conditions. However, the comparison between SOWM 
wave height and recorded wave height was much better than the wind speed 
comparison. The authors stated that, it was likely that there was an error ina 
wind algorithm and noted that the error would be corrected and the wave 
climatology would be redone. It is understood (personal communication from 
Lazanoft) that the wave climatology was not re-hindcast with modified wind 
data. 


Chen et al., 1979 


Chen et al. (1979), make comparisons between the SOWM data and shrp-borne 
waverider data from Weather Station India in the North Atlantic, Weather 
Station Papa in the North Pacific, and with the staff gauge measurements at 
Argus Island. Encouraging conclusions were reached as a result of investi- 
gating trends in relationships between wind velocity and wave conditions, 
producing statistical distributions of wind velocity, significant wave height and 
average period and by making directional comparisons between measurements 
and SOWM estimates. Chen et al., 1979, conclude that, "On the whole, the 
extensive statistical analysis and the comparison between the measured and 
hindeast spectral data seem to indicate favourably the accuracy of the SOWM 
not only in terms of hindcasting the long-term distributions of important 
spectral parameters such as H(1/3) and T(z), but also in obtaining the general 
spectral shape for marine structure response calculations". 


Bales et al., 1980 


Bales et al. (1980), present comparisons between Weather Station India 
recorded data at the closest SOWM grid point (128) and the results of a 
comparison of SOWM and SEASAT wave heights. The conclusions reached by 
Bales et al. (1980), are as follows: 


ie While the hindcast value and an estimate based upon measurements are 
strongly correlated, the hindcast has a random error with a standard 
deviation of about 1.4 m over the entire range. 


og For values of less than ] m, the hindcast tends to underestimate the 
significant wave heights, but is still subject to about the same standard 
deviation. 


3. The hindcast values do not exhibit any statistical bias with respect to 
"measured" values, except possibly in the low wave height region. 
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Cummins and Bales (1980) 


Cummins and Bales (1980), note that one of the most serious failings of SOWM 
is that the detailed structure of a storm may be lost because of the relatively 
coarse spatial grid. Intense local storms may, for example, be so limited in 
areas as to be completely missed in the hindcasts. It is likely that for larger 
storms, the intensity of the storm and the resulting waves will be under- 
estimated as the effect of a coarse grid will underestimate pressure gradients. 


Cummins and Bales, 1980, conclude that "It can be said that the wind and wave 
parameters (e.g. wind speed, wind direction, and significant wave height) agree 
well with measurements taken from ships at sea, although they may be slightly 
displaced in time and space. For purposes of developing a statistical data 
base, however, this is not considered a problem because what is missed at one 
grid point, is picked up at another". 


Pierson and Salfi, 1979 


Pierson and Salfi (1979), compared SOWM predictions with altimeter measure- 
ments from the GEOS 3 satellite. They found the SOWM hindcast to be 
generally lower than the altimeter measurements and that large differences 
were due to poor wind field specifications used for the SOW M. 


Pierson, 1982 


Pierson (1982), evaluated the accuracy of the SOWM model using measure- 
ments from spacecraft radar altimeters. Pierson concludes that "With care in 
interpretation, a SOWM wave climatology, which ts in preparation (the 1956- 
1975 SOWM project) should prove to be more accurate than those based on 
conventional ship reports”. 


In conclusion, it is probable that the SOWM 1956-1975 data for the North 
Atlantic have, provided a more reliable and complete description of the sea- 
state throughout the open ocean portions of the North Atlantic than previously 
available from other data bases. However, it cannot be stated that these data 
provide an accurate description of the sea-state. The fact that there are 
many discussions in the technical literature, concerning future changes to the 
procedures for estimating the wind fields and changes to the hindcast model, 
demonstrates that improvements could be made to these data. However, it is 
unlikely that the reliability of the existing SOWM 1956-1975 data will ever be 
quantified because of the limited recorded data available for verification. The 
reliability of the SOWM data produced from the operational! forecasts can be 
expected to be less than the SOWM data from the 1956-1975 hindcast because 
of the lower quality of the wind data. 


With regard to the study area a number of specific comments concerning 
the SOWM data can be made: 


~ The actual shoreline is poorly defined by the SOWM grid. The grid is in 
places in the order of one hundred kilometres west of the shoreline. A 
review of some severe storms shows that winds frequently blow from the 
west (away from the shoreline) and in reality are limited by the fetch or 
distance from the shoreline. These storms are without doubt signifi- 
cantly overestimated by the SOWM data. 
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- SOWM data in the northern part of the area are questionable during the 
winter (January to May) because the presence of ice was not considered 
in the model. 


- In the central part of the area around Hibernia the data may be invalid 
during March and April because of ice. 


- SOWM does not consider the effects of bathymetry or currents or the 
wave data. This question is discussed further in section 5.] and Is 
particularly important at the Scotian Shelf. 


- In general it is concluded that the SOWM data provide a poor definition 
of the wave climate of the study area. It should be noted that these 
comments apply for the study area and do not apply to the open ocean. 


3.5.2 WIS Hindcast 


In 1976, a study to produce a wave climate for U.S. coastal waters was 
initiated at the U.S. Army Engineers Waterways Experiment Station (WES). 


This Wave Information Study (WIS) involved a numerical hindcast of 
deepwater wave data for the North Atlantic from historical surface pressure 
and wind data. Development of the hindcast procedure, input data files and 
data presentation format, is described in a series of reports (Corson et al, 198] 
and Corson and Resio, 1981). The objective of the WIS study was to provide a 
coastal wave climate and consequently data at all grid points throughout the 
North Atlantic have not been archived. Development of the historical wind 
field data from several pressure data sources is described in Corson et al 
(1981). The development of the hindcasting procedure involving wave energy 
propagation, dissipation and generation is described in Corson et al (1981). 
The hindcast produces a directional wave spectral climatology at three or six- 
hour intervals on a grided system. At present, 20 years of wave data have 
been hindcast for grid locations along the U.S. Coastline and east coast of 
Canada. 


The WIS study covers the same period of time (1956-1975) as the SOWM 
study. It appears that the WIS hindcast benefited from some of the possible 
limitations of the SOWM study and, consequently, has the following features: 


~ Considerable effort was put into defining the overwater wind field 
particularly close to the shoreline of the United States. 


- A finer grid than that used in the SOWM model was used to define wind 
fields during storms. 


- The hindcast mode! contains allowance for some phenomena, such as 
wave-wave interaction that are not included in the SOWM model. 


MEDS has acquired the WIS data for the 14 grid points in the vicinity of 
the study area. The data have been archived and processed to produce maps of 
exceedences and extreme events. These maps are presented in section 3.6. 
Figures 3.1 shows the WIS hindcast points in the study area. 
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Verification of the WIS hindcast has being undertaken. Preliminary 
results of the hindcast verification are provided in Corson and Resio (1981) and 
Resio (1982). Based on a comparison of available recorded and hindcast wave 
data for the Grand Banks and Scotian shelf areas, Baird and Readshaw (1981) 
concluded that the WIS hindcast data may not provide an adequate description 
of the wave climate in these areas. Some of the identified limitations 
included poor definition of some storms and an inaccurate description of the 
shoreline by the grid. However the limited availability of recorded data did 
not permit firm conclusions to be drawn. 


Resio (1982) also assessed the validity of the WIS hindcast wave data in 
the Scotian shelf, Grand Banks and Labrador Sea and concluded that problems 
with the hindcasts of severe storms could be encountered due to the pressure 
grid specifications for the area. He also included that the WIS hindcast was a 
good first approximate but that the 20 to 30 largest storms should be 
rehindcast for design wave calculations. 


It cannot be concluded unequivocably at this time whether or not the WIS 
data provide more or less reliable information than the SOWM data. However 
the WIS model has the advantage of having been developed after the SOWM 
model and may have benefited from the additional knowledge available. It is 
also likely that the WIS study was undertaken with significantly improved wind 
data than was used for the SOWM study. The shoreline is not well described by 
the WIS grid, but the WIS grid provided a better fit than does the SOWM grid. 


In summary and with regard to the study area a number of specific 
Comments concerning the WIS data can be made. 


- The data is probably more reliable than the SOWM data. 


- The WIS data may overestimate or underestimate the magnitude of some 
storms because of incorrect definition of the shoreline. 


. The WIS procedure did not consider ice and therefore may be unreliable 
in northern areas from January to May and in central areas in March and 
April. 


- The WIS procedure did not consider bathymetry or current effects. (see 
discussion in 5.1). 


- In general it is concluded that the WIS data provide reasonable descrip- 
tion of southérnly areas where bathymetry does not have an effect. 
However the data are not sufficiently reliable for the estimation of 
extreme events (100 yr storm etc.) 


3.5.3 MEDS Hindcasting System 


The MEDS hindcasting system was undertaken following review of the 
WIS hindcast. It uses the identical methodology as in the WIS but includes an 
improved description of the wind field and has a grid designed to provide a 
better fit to the Canadian shore line. 


This MEDS hindcast is in a development stage and has the objective of 
providing MEDS with a reliable hindcasting capability to evaluate other 
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hindcasts. This capability can also be used to hindcast the most severe storms 
in an area to arrive at an estimate of the design wave height. 


There are no plans this time to use the hindcast capability to produce 
another 20 or 30 year data set over large portions of the east coast. Such a 
project would be well beyond the resources of MEDS. 


It should be noted that this is also a deepwater hindcast mode! and that 
suitable techniques to bring deep water waves into shallow water are only in 
the early developmental stage in MEDS. The mode! does not at present 
consider ice or currents. 


For the limited comparisons to measurements which have been made to 
date the MEDS hindcast model has performed well on estimating the wave 
height. The wave periods have not been determined to be reliable. 


3.5.4 Oceanwater Inc. Hindcast for Mobil Canada Ltd. 


This study had the objective of determining the extreme wave conditions 
required for design of structures for the Hibernia area, Oceanweather (1982). 


The wind field describing twenty of the most severe storms occuring 
during the period 1950 to 1980 were defined using archived weather maps and 
ship observations. The wave hindcast mode! driven by this wind data was 
based on a mode] developed for the Ocean Data Gathering Project, Cardone et 
ali (1976): 


The study was undertaken because Mobil considered that the data 
previously used by them (from the U.S. Corps of Engineers WIS) had a number 
of limitations. The improvements in the Oceanweather Inc. study, compared 
to the WIS study were as follows: 


- smaller grid. The grid was approximately 150 km compared to 180 km in 
the WIS. 


- selection of storms from a longer time period. The time period was 30 
years compared to 20 years in the WIS. 


~ improved input wind data. 


The Oceanweather Inc. study was verified by comparing the results of 
the hindcast for two storms during which recorded wave data had been 
obtained. Oceanweather (1982) reports that in one storm the model predicted 
a significant wave height of 11.3 m, compared to a measured value of 10.1 m. 
In the second storm the model predicted 8.9 m compared to a recorded value 
of 8.7 me: 


ine following summary of the Oceanweather Inc. study is extracted from 
Oceanweather (1982). 


"A new description of the extreme wave climate in the resource 
exploration area east of Newfoundland (Hibernia) is derived through the 
application of hindcast techniques. 
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The study began with the assembly of a comprehensive array of 
historical data including: archived synoptic weather maps and enhanced ship 
data collections covering the period 1899-1980; monthly sea-ice concentration 
data commencing in 1953; results of recently completed U.S. government 
sponsored hindcast studies covering the period 1956-1975; Canadian govern- 
ment wave analyses covering the period 1970-1979; published climatological 
summaries and studies. 


Extreme wave events were found to be associated with the extra- 
tropical cyclones which, in general, formed near the U.S. East Coast, 
underwent rapid intensification while they moved north-eastward and passed 
within about 300 km of Hibernia with forward velocities less than the 
climatological average of cyclones in the area. The most extreme storms 
tended to pass to the west of Hibernia, deepen explosively (central pressure 
fall of more than 24 mb/day) and decelerate. Because of the proximity of 
Hibernia to the preferred area of maximum deepening rate and the relatively 
small spatial scale of such storms, reliable indentification of top ranked 
storms and specification of surface wind fields required ship report coverage 
available only within the past 30 years. Thus while a list of severe historical 
storms over the 50-year period 1930-1980 was prepared, the 2@ storms 
hindcast were selected from a reduced storm population covering the period 
1951-1980. 


The file of historical surface ship data acquired in this study was found 
to provide more than twice the data density achievable in real time. Detailed 
post-analysis techniques were applied to each storm to provide surface wind 
field descriptions of considerably greater accuracy than may be derived from 
archived surface weather maps alone. It is estimated that errors of about 
+2 m/sec in speed and +20 in direction have been achieved in this study and 
that windspeed errors in areas of strong wave generation are unbiased. 


A calibrated spectral wave specification model, which has been shown in 
previous studies to provide hindcasts of high accuracy in tropical and extra- 
tropical cyclones, was adapted to the Atlantic Ocean ona grid of 81 n.mi. 
spacing at the latitude of Hibernia. That spatial resolution allowed much more 
accurate representation of fetch restrictions by coasts and sea-ice than was 
possible in previous studies. 


A comparison of hindcasts and measurements at Hibernia in two of the 
20 storms hindcast showed model predictions of peak storm sea states to be 
accurate to within 1m in Hj 3 and 1] sec in spectral peak period, Ty Those 
errors probably characterized the hindcast wave series of Hy/3 and Tp 
generated in this study. 


An extremal analysis of the hindcast wave series at seven grid points 
revealed the presence of a large spatial gradient in the extreme wave climate 
east of Newfoundland. The most appropriate value for the 100 year return 
period maximum wave height near Hibernta was found to be 30 meters, with an 
associated period of about 16 seconds." 


The authors are unaware of any independent assessment of this hindcast 
by other workers. The data remain confidential to Mobil Oil, and while they 
have very kindly been made available to this study, they are not as yet in the 
public domain. 
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The authors have conducted a limited assessment of the dataset with the 
following results. — 


- This would appear to be the best hindcast done to date. It is unfortunate 
that it covers only one small part of the study area. 


- This hindcast has major advantages in that it includes the ice edge and 
has a finer grid defined to provide a good representation of the shoreline. 


- Based on the two storms for which measured data were available the 
model provided reliable estimates of wave height and period. 


- Unfortunately other storms for which measurements were available were 
not hindcast to provide further verification of the model. 


- There is a substantial question, however, about the storm selection 
procedures. Some storms usec appear to be Jess severe than the one year 
storm. Since 20 storms were selected over a 30 year period one must 
question whether the most severe storms were used. 


- Also the study used storms for which the wave growth was fetch limited 
by the coast of Newfoundland and presumably, although we did not 
examine such a case, by the ice edge. The propriety of using such a 
mixed storm population in extreme value analysis is questionable. 


3.5.5 Group Five Hindcast for Total Eastcan 


This study was undertaken in 1978 for Total Eastcan Exploration Ltd., 
then operator for the Labrador Group, by Group Five Consulting (1978). In this 
study extreme statics for four locations in the Labrador Sea are presented. 
These data were hindcast with a parametric model using boundary layer wind 
velocities determined from isobars contained on synoptic weather maps. The 
maps used covered all severe storms that occurred between July 1 and 
December 31 during the years 1970 to 1976. 


The four locations for which extreme wave statistics were determined 
are shown in Figure 3.1. 


Comparisons were made between the hindcast data and the three major 
storms that had been recorded in the Labrador Sea (October 1973, October 
1976 and October 1977). These comparisons may described as excellent, fair 
and poor. A major limitation of this study is the small sample of seven years 
from which extreme events were estimated. The event with a return period of 
one hundred years cannot be reliably estimated from this sample. 
Unfortunately, the problem of very limited reliable meteorlogical and ice 
cover data suitable for wave hindcasts wil] exist with any study of the norther 
part of the study area. However, a study completed in 1984 could work with 
twice the data that were available in 1976. 


3.5.6 Public Works Canada Hindcast 
A wind-wave hindcast was undertaken by Public Works Canada, Baird 


(1978), to define the wave climate at four locations in the Gulf of 
St. Lawrence. 
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Sixteen years of hourly values of significant wave height and peak period were 
hindcast using a parametric mode! and wind data recorded at Grindstone 
Island. The study was undertaken for the Transportation Development Centre 
as part of the Gulf Corridor Study, Baird (1978). 


The location for which wave statistics were determined are shown in 
Figure 3.1. 


A more accurate hindcast of the Gulf of Saint Lawrence could undoubt- 
ably be completed if more complete descriptions of the wind fields were 
developed. The available data may be suitable for preliminary assessments of 
operations close to the location for which the data were hindcast. The data 
are now only available in the form of scatter diagrams and have very limited 
use for the estimation of extremes. 
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Comparison of the Existing Data 


The existing datasets providing coverage of the study area are assessed 


in section 3.5. In this section various presentations of these data are provided 
to allow comparison of the data. 


The presentations include the following information, where the available data 
permits: 


I. 


zi 


Estimate of the maximum value of the significant wave height with a 
return period of 100 years. Figure 3.9. 


Estimate of the maximum value of the significant wave height with a 
return period of 20 years. Figure 3.10. 


Value of the significant wave height that is exceeded for 10 per cent of 
the time during the year. Figure 3.11. 


Value of the significant wave height that is exceeded for 50 per cent of 
the time during the year. Figure 3.12. 


Value of the significant wave height that is exceeded for 90 per cent of 
the time during the year. Figure 3.13. 


The following comments are pertinent to these figures. 


Extreme Value Analyses 


The estimates shown in Figure 3.9 and 3.10 were calculated as follows: 


SOWM 


Fisher-Tippet Type | distribution. Data used were annual maximum 
significant wave heights (1956-75). 


WIS 


Fisher-Tippet Type I distribution. Data used were annual maximum 
significant wave heights (1956-75). 


METOC 


Fisher-Tippet Type I distribution. Data used were annual maximum 
significant wave heights (1970-80). 


MOBIL - 


Fisher-Tippet Type I distribution. Data are used were significant wave 
heights from 18 storms hindcast to occur in the period 1950 to 1980. 


TOTAL EASTCAN 


Fisher-Tippet Type I distribution. Data used were maximum significant 
wave heights from more than 80 storms hindcast to occur in the period 
1970 to 76. 
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Figure 3.9 Estimate of the maximum 
value of the significant wave height 
with a return period of 100 years. 
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Figure 3.10 Estimate of the maxi- 
mum value of the significant wave 
height with a return period of 20 
years. 
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Figure 3.11 Value of the significant wave height that is exceeded for 
10 per cent of the time during the year. 
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Figure 3.12 Value of the significant wave height that is exceeded for 
EN ner cent of the time during the year. 
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Figure 3.13 Value of the significant wave height that is exceeded for 
90 per cent of the time during the year. 
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NMIMET 


Weibull Distribution of all observations made in the period 1949 to 198] 
(southerly locations) or 1957 to 1981] (north Jocations) with 20 year return 
period event assumed to have a probability of occurrence of 3.43 x 10-? 
and 100 year return period event assumed to have a probability of 
occurrence of 6.87 x 10-©. There were 293 observations available for the 
northern location, 4957 observations near Hibernia and 2346 observations 
for the location near Sable Island. 


The figures show an estimate of the extreme events and do not provide 
any information on the expected reliability, error or confidence in these 
estimates. 


The objectives of these figures are to demonstrate the large variation in 
the extreme wave conditions that occurs throughout the study area (that is 
shown by all the datasets), and also the large variation in estimates between 
some of the datasets. 


These presentations should not be used for design purposes. Ita iS 
concluded that all of the datasets, with the possible exception of the Mobil 
data, are inaccurate and insufficiently reliable for the estimation of extremes. 


As is discussed in the following section, any accepted data set should be 
extrapolated using a number of different procedures and careful considerations 
given to the confidence in any one estimate. Even with the Mobil data using 
the Fisher-Tippet Type I extreme value distribution, Oceanweather (1982) 
conclude that in 90 per cent of extrapolations the true value of the 100 year 
return period significant wave height would le within approximately 16 per 
cent of the presented value, i.e. approximately + 2.4 m. 


Wave Climate Statistics 


The estimates shown in Figure 3.11, 3.12 and 3.13 were prepared from 
tables showing the percentage of all records that exceed selected values of 
significant wave heights. 


These figures also show the variation in the wave climate throughout the 
study area. However, the variation between the results obtained with the 
different datasets is not as dramatic as it is for the extreme values. 


For the purpose of analysing operations considerable additional informa- 
tion, such as persistance statistics, average Gcurations of storms and fair 
weather, may be required. in addition, it may be particularly important that 
corresponding data describing winds, currents and other meteorological condi- 
tions be available and be analysed with the wave data for the prediction of 
downtime. 


It may be argued that wave data by themselves do not satisfy the 
requirement for design. The value of the data is very significantly increased if 
corresponding wind and current data are also available. 
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Discussion of Extreme Value Analysis 


The problem of extrapolating time series of a given parameter to 
estimate the largest value that parameter is likely to take in a given period of 
time is a major theoretical and practical problem. There are in general use 
today, two types of procedures. The first type fits a statistical distribution 
function to all observed values in the time series. In the case of wave height 
the log-normal or Weibull distributions are the most frequently used. 


The second type of analysis is concerned with the statistics of extreme 
events in the time series. In this case the observed large values (in the case of 
waves the large values would be storm wave heights) are selected and, 
typically, fitted to a Fisher-Tippett type I, Il or III distribution. 


In the first case it cannot be shown theoretically that the data should fit 
the distribution. Instead it is observed empirically to fit reasonably well over 
a limited range. The second technique using the statistics of extremes has a 
somewhat more solid basis in mathematical theory. If it can be assumed that 
the storms are drawn froma stationary, single population and are independent 
in the statistical sense; then the extremes should be distributed according to 
parameters which may be evaluated from the observed population. 


Most of the latest work on extreme value determination is based on the 
second approach. 


In the proceeding section an analysis of several datasets is presented to 
intercompare the predicted extremes. This second technique was used in its 
simplest form. That is, the Fisher-Tippet type ] distribution was used on the 
observed annual maximum wave height from each dataset. This is not to be 
considered an endorsement of this procedure. It was used for demonstration 
purposes only to show the differences between extreme values from different 
datasets. In fact the authors believe more recent procedures using the largest 
wave heights from all severe storms regardless of year of occurence to be 
more appropriate. 


The underlying objective of the use of extreme value distributions 1s to 
develop a description of the total population of all storms and then reliably 
estimate the magnitude of the one storm which should occur at a specific 
interval of time e.g. once every 100 years. This concept of a return period is 
purely a statistical one and it should be realized that the event may not occur 
in the lifetime of a generation; it may also occur several times. 


This discussion is concerned with fitting an extreme value distribution to 
recorded, hindcast or ship observation data and then extrapolating the 
distribution to determine extreme waves for a given return period. This is the 
basis of most procedures used by the oil and gas industry to determine extreme 
wave conditions. Typically, this procedure is initiated with a small sample of 
storms from some underlying population of all storms. The sample consists of 
those storms which have actually occurred over the period of recording, 
hindcast, or observations and which have been selected using a procedure 
considered to be appropriate (there are many procedures). 


Figure 3.9 and 3.10 described in section 3.6 present estimates of extreme 
wave conditions (return periods of 20 and 100 years) throughout the study area 
that are based on six different sources of data. There is considerable 
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difference between these results, because of the difference in the data. 
Considerable differences between estimates of extreme values may also occur 
depending on the methodology followed to produce the estimate. The 
objective of the following discussion is to review the following: 


i) The estimate of the extreme event depends on the data that is selected 
for fit to the extreme value distribution (i.e. on the procedure used to 
select the data). 


ii) The estimate of the extreme event depends on the extreme value 
distribution selected to extrapolate the data. 


iii) The estimate of the extreme event also depends on the method of fitting 
the distribution selected to the data and on the procedure used to 
estimate the frequency of occurrence (or plotting position) of the known 
events. 


iv) There is considerable uncertainty in the prediction of events with long 
return period. Predictions should provide an estimate of the expected 
reliability of the extreme event by expressing a range of values in which 
the event is expected to lie. 


Selection of Data 


The data used for the extreme value analysis undertaken and shown in 
Figures 3.9 and 3.10 were the annual maximum significant wave heights. 


This is a fairly common procedure that has its origins with the prediction 
of spring floods where it is generally true that only one event occurs each 
year. Clearly this is not the case with storms, several severe storms may 
occur in a single season, and it is possible that the second most severe storm in 
a year, which is ignored in this analysis, would be more severe than the largest 
in another year. 


Other methods of selecting data include the following: 


i) Maximum significant wave height associated with all storms. 
Alternatively the significant wave heights may be selected only if they 
exceed a threshold level, or by month or season. 


ii) Use of all data. Many organizations have fitted some distributions to all 
data. This procedure has no basis in wave or mathematical theory and 
should be used with caution. 


Extreme Value Distributions 


In Figure 3.14 the annual maximum significant wave heights are fitted to 
six different extreme value distributions. All of these distributions have been 
proposed in technical papers for fitting to events occurring in nature where 
extreme events are to be estimated. Other distributions exist. There is no 
objective theoretical or practical basis by which to select one distribution over 
another. It is not the intent of this report to discuss these distributions. 
However, it is important to note that use of those extreme value distributions 
assumes that the population from which the data are selected is stationary, 
identically distributed, and independent. In addition, the number of storms in 
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one sample should be large. These assumptions may be valid, but to varying 
degrees. In general the number of samples is small, and it is easy to realize 
that one could just as likely observe a significantly different sample over a 
time period shifted only a small amount in time. This variability in the sample 
will significantly affect the resulting definition of the population described by 
the extreme value distribution. It may also be demonstrated that the storms 
in the study area have different origins or are of different types and are, 
therefore, from different populations. 


Determination of frequency of occurrence of selected data 


The frequency of occurrence, or plotting position, assigned to each wave 
height in the selected sequence can be calculated using a number of different 
methods. There is not one correct plotting position and a subjective and 
arbitrary choice must be made. Several plotting positions may fit the data 
equally well so that goodness of fit tests can not be used to select one method 
over another. 


Estimation of parameters for fitting a distribution to the data 


The parameters of a distribution are estimated using one of the following 
methods: 


1) linear regression 
2) method of moments 
3) method of maximum likelihood. 


There is no consensus regarding the most appropriate method. As 
illustrated in Figure 3.14 the estimate of the extreme event depends on the 
method selected. 


Confidence limits 


Once an estimate has been made it is only known to a certain level of 
confidence. This confidence is the combination of considerations including: 


a) uncertainty in the procedure used to select the individual data points. 

b) uncertainty due to the small size of the sample. 

c) uncertainty due to the assumption that a particular distribution may 
describe the total population. 


There are many methods discussed in the literature for estimating limits 
of confidence in estimates of extreme values. Discussion of these methods is 
beyond the scope of this report. However, the important point is that when 
the individual data points have been selected (remembering the possible error 
associated with each point) and one type of extreme value distribution 
function is assumed to fit the population then an estimate of the extreme 
value has a range associated with it. Typically, it may be said that in some 
percent (typically 90) of extrapolations the true value of the select event (e.g. 
100 year return period) would lie within the range presented. 


Conclusions: 


Ie There is no one single method for selecting data, asymptotic distribution, 
plotting position, or method of fitting a distribution that has been 
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demonstrated to be appropriate to wave data representative of the study 
area. 


An estimate of an extreme event in the study area should recognize the 
limitation of this estimate by providing a range of values in which it is 
considered reasonable that the estimate lies. This range should repre- 
sent the following: 


- the possible error in the source data 

- the limitation of extrapolating from a small sample 

- the range of methods that may be used to select data 

- the different distributions that may be used to represent the parent 
population 

~ the different methods of fitting the distributions to the data 

- the confidence in the estimate 


It is expected that this range could be several metres and not less than 
+ 2m for an estimation of the 100 year event based on well verified 
hindcast wave data selected from a 20 year period. 


The requirement for reliable estimates of extreme waves with return 
periods in the order of 100 years is essential for the design of structures 
required for recovery of oil and gas. For structures that are undertaking 
exploration or delineation drilling and that are only exposed to the ocean 
for relatively short periods of time the requirement may be less 
stringent. 


In some parts of the study area the extreme wave heights (with selected 
return period) will be limited by the depth of water. An example is the 
area around Sable Island. In these cases the extreme value analysis need 
only demonstrate that use of the depth limited wave conditions is not 
unnecessarily conservative. 
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Summary by Area 
a) Scotian Shelf Area 


There are considerable data available for the Scotian Shelf as can be 
seen from figure 3.1. Most of the data however, are limited for reasons 
discussed in earlier sections. ‘The WIS and SOWM hindcasts inaccurately 
described the meteorological conditions during storms and poorly defined the 
shoreline. Effects of bathymetry were not considered and the hindcasts are 
therefore suspect for most of the area. the METOC data can be considered to 
provide reasonable information on the wave climate for operational concerns 
in the deeper water areas. However there are only three METOC points on the 
Shelf and the data consequently do not have adequate spatial resolution. 


As reliable data describing severe storms do not exist published 
estimates of extreme wave conditions must be treated with considerable 
caution, particularly in areas that are clearly influenced by shallow water or 
the sheltering effect of Sable Island. In soine parts of the Scotian Shelf 
extreme wave heights are limited by water depth and additional data may not 
be required for the estimation of extreme conditions. 


Improved estimates of extreme values throughout Scotian Shelf areas are 
obtainable and a start in this direction is underway. A study supported by the 
Environmental Studies Revolving Fund is in the process of defining the 30 to 
50 most severe storms that have occurred over the area. Studies have also 
been undertaken, Hodgins (1984), to identify procedures for treating wave 
propagation in shallow water areas such as exist on the Scotian Shelf. 
However, the final production of extreme wave conditions throughout the 
Scotian Shelf area will not be achieved for several years unless a major study 
is initiated. In the meantime conservative assumptions must be made. It 
appears probable that the most urgent requirement is for a reliable description 
of the wave, wind and current climate of the areas where extensive activilies 
are planned. These data, which are essential for detailed operational analysis 
will only be achieved through the deployment of suitable instrumentation. 


Special problems to be carefully considered in any study of waves on the 
Scotian Shelf include shallow water effects, sheltering due to Sable Island, and 
possibly wave-current interactions. 


b) Grand Banks, North East Newfoundland Area 


This area is probably the least complex from the point of view of 
developing wave climate knowledge. The area is the most uniform and the 
most open to waves in the study area. The water is relatively deep and the 
refraction and shoaling of waves may be less important here than in other 
locations. 


There are once again considerable data available (Figure 3.1). However 
the SOWM data are of limited reliability for the reasons given in section 3.5.1. 
The WIS data may be reasonably adequate for wave climate information for 
operational concerns except possibly for the March - April period when ice 
Inay have been a factor. the METOC data is also considered to be adequate 
for operational concerns and should include ice effects. It should be noted 
that it may be dangerous to use average wave conditions over ice infested and 
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ice free years. During the ice infested years the conditions will be 
overpredicted. During an ice free year the conditions will be underpredicted, 


There has been more work done on the prediction of extreme ewents on 
the Grand Banks and particularly in the Hibernia area than anywhere else in 
the study area. The Mobil hindcast, as has been stated, is the most carefully 
done hindcast and provides the only data that should be considered for extreme 
value analyses at this time. The questions on the selection of storms in this 
study should be addressed, and it would be desirable to undertake additional 
verification of the procedure before the design values are accepted. The 
ESRF storm identification project will assist in answering al least part of Unis 
question. 


The available hindcast models can be expected to perforin well fer tnost 
of the Grand Banks, .North-East Newfoundland area providing the wind fields 
can be reliably estimated and as long as the ice edge is included. 


Special problems in this area include the presence of the ice edge and 
possibly the effects of bathymetry on extreme wave conditions. An in-depth 
analysis of the effects of bathymetry and currents on the extreme wave 
conditions is required to quantify the possible effects and determine whether 
or not the analyses must form a part of future studies. 


c) Labrador Sea Area 


There is considerably less information describing the wave climate of the 
Labrador Sea than for the southern parts of the study area. The limitations on 
the hindcast data must be considered to be more severe as one proceeds north. 
The ice problem in the winter - spring seasons becomes more important. The 
definition of the shoreline continues to be a problem. In addition one can only 
assume that the available meteorological data for the developinent of wind 
fields for hindcasting becomes less reliable. There are fewer and fewer 
weather observing stations and the presence of ships reporting overwater data 
becomes sparce and seasonal. 


For the requirements of exploratory drilling the situation is somewhat 
better since this is only a summer-fall activity and does not as yet require 
knowledge of winter wave climate. 


Because of its substantial disagreements with the other datasets in the 
Labrador Sea and its acknowledged problem with the definition of the 
shoreline, the SOWM data must be discounted as a source of wave climate 
information there. The WIS data was not archived for Labrador Sea points 
north of 53°N. The Total Eastern hindcast covered only seven years and 
included only the storms. 


The best source of wave climate data for the area is thought to be the 
METOC data. ‘These data are probably adequate for operational concerns 


during the summer-fall seasons when reasonable numbers of ships reports are 
available. 


The most carefully done analysis for extreme events appears te be the 
Total Eastern hindcast. Tlowever, it must be used with caution and comserva- 
tive assumptions should be made because only seven years of storms were 
treated. 
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It would now be possible to undertake a significantly improved hindcast 
with considerable more data than were available in 1976. The ESRF storm 
identification project should be a start in this direction. 


Special problems in the Labrador Sea include accurate specification of 
wind fields and the effects of the ice. 


d) Gulf of St. Lawrence Area 


Although one would expect the Gulf of St. Lawrence to be a very 
familiar and well known area, this is not the case in terins of accurate wave 
climate information. The wave climate is clearly less severe than in the other 
exposed southern parts of the study area. The only hindcast available was that 
carried out by DPW for a specific purpose in 1978. 


There are a variety of measurements made by MEDS and NIC for short 
periods of time. Many of the measurements, however, are in sheltered 
locations and could not be used to define the wave climate of the Gulf. 


As stated in section 3.5.6 the DPW hindcast data could be used to 
provide wave climate data for operational concerns in the immediate area of 
the four points studied. The measured time series area generally too short to 
provide reliable wave climate data. 


There are not satisfactory estimates of extreme waves and their return 
periods, for the Gulf. However there are good meteorological data from which 
hindcasts can be accornplished. 


Special problems in the Gulf include shallow water effects, currents and 
ice, 


e) Davis Strait, Baffin Bay, Lancaster Sound 


There are no measured data and no satisfactory hindcast data for these 
areas. The wave climate is considered to be less severe in these northern 
areas then in the Labrador Sea or on the Grand Banks due to the limited fetch 
available in most directions for wave growth and due to the presence of ice. 


The problein of developing accurate wind fields for hindcasting will be 
more dilficull than in the Labrador Sea. _ 


There are no available statistical! descriptions of the wave climate of 
this area and there are no estimates of extremes. 


Special problems in this area include the specifications of wind fields and 
the presence of ice. 
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Findings and Conclusions 


This report primarily adressess the question of whether or not the data 
that are available throughout the study area describing wind generated waves, 
are suitable for the safe design and operation of structures, associated with 
the offshore activities of exploratory and delineation drilling. 


In section 3.9.1 conclusions are drawn concerning the requirements of 
the industry and the availability and adequacy of the existing data. 


Conclusions concerning future requirements for wave data and for 
studies are presented in section 3.9.2. 


Broa) The Requirements for Wave Data and the Availability and 
Adequacy of Data in the Study Area 


i) The minimum requirements of the design, certification and regulatory 
agencies are well defined in the available literature. Industry is, In 
general, satisfied that if these requirements are met, safe, efficient and 
effective structures can be designed and operated, The authors have 
found no evidence to suggest the opposite. 


ii) The development of improved design procedures proceeds through 
several. logical steps. First the research and development agency 
produces an advance in understanding in some area of the design 
procedure. This is followed by some sort of testing and a period of 
experience in the field. If the experience is successful then the 
improved procedure will gradually gain acceptance and find its way into 
recommended practices and procedures. 


iii) The research and development organizations have a requirement for 
more complex and tnore extensive wave data for their prograins which 
are designed to advance the state of the art and refine design 
procedures. These requirements are not fixed but vary with the problem 
being addressed by the organization and with the sophistification of its 
research activities. At any one point in time it is only possible to 
predict these needs over a short period of time into the future. 


iv) There are three types of data, in general, which are required to meet the 
needs of the design, certification, regulatory and research organizations. 


Wave Climate Data: 


Wave climate data for the purposes of this study are considered to be 
Statistical descriptions of the frequency of occurrence and persistance of 
individual wave parameters or joint distributions of two or more wave 
parameters. These statistical descriptions are obtained by either 
measuring the parameters on a regular schedule (e.g. once every three 
hours for five years) or by using techniques to predict what the value of 
the parameter might have been at every interval! of the schedule. 


Extreme Values: 


Extreme values of wave parameters are the maximum value that 
parameter might be expected to take on in a given period of time. (e.g. 
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the 100 year wave height) The prediction of extreme values is 
accomplished in several ways but in general it requires only the 
knowledge of say, the history of the largest wave heights in the more 
severe storms in an area. 


Researcli Data: 


Research data is used here to refer to all other complex data required by 
research organizations in their role in advancing the state of the art in the 
design, certification, classification and regulation of offshore drilling units and 
their support units, 


v) The extent of the wave data that are required by the design, regulatory 
and classification organizations and by the operators can be summarized 
as follows: 


- for operational purposes - three to five years of simultaneous 
measurements of wave, current and wind conditions. 


- for design purposes - a hindcast of wave conditions during all storms for 
which reliable meteorlogical data exist to adequately define the wind 
field. These data should cover a minimum period of twenty years if 
possible (in northern areas there may not be 20 years of reliable 
meteorological data). 


vi) It has been found that the required data described above are not 
available throughout the study area. There are considerable differences 
between the various estimates of extreme wave conditions from the 
various hindcasts and studies. The differences between the wave 
climates from the various studies is not as dramatic. 


It is concluded that adequate estimates of the wave climate for 
operational concerns exist only in some of the southern areas. 


There are no values of extreme wave conditions for any part of the study 
area which can be accepted without further analyses. 


The values produced for the Hibernia area in the Mobil hindcast appear 
to be the best available at the moment. However these cdlata are confidential 
and have not received wide public review. There are also some questions to be 
resolved regarding the storm selection and extreme value procedures used, It 
should also be noted that the Mobil hindcast data provide only estimates of 
extremes and not wave climate data. 


Much of the complex data required by research organizations has not or 
can not be acquired because of the extreme difficulty in measuring the 
necessary parameters or because suitable instrumentation is not available. 


This is a limitation to the work of many of the research and development 
organizations. 


vii) There is little doubt that the technology and capability exists in Canada 
to pursue the development of the necessary data and inforrnation to 
meet the requirements of the organizations discussed above for wave 
data in most of the study area. There are two exceptions. The 
necessary meteorological and ice data for the extreme northern area is 
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probably not available. Secondly there is a requirernent to develop more 
advanced instrumentation before the imore demanding needs of the 
research organizations are met. | 


It should be noted that much of the work is of a developmental nature 


and for areas where the wave regime is more complex final results may not be 
realized for a decade, 


Serta 


viii) 


xiii) 


Future Requirements for Wave Data and for Studies 


It is considered that wave data‘must be developed in the near future that 
will be suitable for the accurate estimation of extreme conditions in 
selected parts of the study area. The urgency of this requiresient in the 
case of exploratory drilling may be somewhat Jess if units having 
unlimited class are used or if conservative assumptions are made. In the 
case of production facilities designed for the wave climate at the 


location where it is to be used, this requirement is of the highest 
priority. 


It is also necessary to develop an improved knowledye of wave statistics 
that are representative of the study area. 


It is concluded both from the studies carried out and the interviews 
conducted that the development of the wave data referred to in section 
(viii) could best be accomplished through a joint program by all organiza- 
tions requiring the data. This program would have to be fully coordin- 
ated with the programs of those organizations described in section 3.10 
to maximize the usefullness of the results and gain the maximum 
economies in realizing the goals of all concerned. 


It is concluded that there is a requireinent to develop wave models in 
Canada capable of dealing with the effects of shallow water, ice and 
currents on waves and to verify these models experimentally in the field. 


It is concluded that there, is a requirernent to continue to develop 
instrumentation with increased capability to measure the directional 
properties of waves and their profiles. These instruments are needed to 
meet the requirements of the research and development organizations. 


It is concluded that in association with the measurement prograin there 
is a requirement for continued research into the physics of wave 
processes to support the research organizations with the necessary basic 
scientific knowledge. 


It is concluded that satellite and remotely sensed data will be an 
important source of wave data in the future. It is important that 
progress in that field be monitored and that suitable actions be taken to 
be ready to incorporate the data into wave programs immediately it 
becomes advantageous to do so. However it must be noted that sources 
of wave data and wave climate information for design and planning, of 
operations will not chanye much in the near future. The sources will be 
improved hindcast models based on wind fields. Remote sensing 
technology and advanced instrumentation will have its early effects on 
Operations and real time forecasting. It will be sorne years before the 
knowledge of extreme events and wave climate statistics for an area 
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begin to benefit from the increased database. On the other hand the 
research and development organizations will begin to benefit immediate- 
ly the dala becomes available. 


It is considered that programs of field measurement of waves, currents 
and winds are required in areas where expansion of exploratory drilling 
programs are anticipated. It should be noted that wave cata collected 
with corresponding measurements or predictions of winds and currents 
have considerable more value to the industry than do wave measure- 
ments alone. Existing programs of simultaneous measurements of waves, 
currents and winds should continue in cooperation wilh exploratory 
drilling activities. These data are invaluable to later activities. 
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3.10 Organizations Obtaining and Archiving Wave Data 
(a) Ocean Science and Surveys 


The Ocean Science and Surveys sector of the Department of Fisheries 
and Oceans has the major responsibility for oceanographic research in Canada. 
Major laboratories include the Bedford Institute of Oceanography at 
Dartmouth, Nova Scotia; the Institute of Ocean Sciences at Sidney, British 
Columbia; and the Quebec Region in Quebec City. In addition there are units 
in Ottawa with operational and research programms including the Marine 
Environmental Data Service and the Canadian Hydrographic Service, 


There are four elements to the OSS wave program. Research into the 
physics of the phenomenon of waves and into wave climatoloyy is carried out 
at the Bedford Institute. There is an instrument development program at the 
Institute of Ocean Sciences which is developing improved capabilities for the 
measurement of ocean waves. The Marine Environmental Data Services 
Branch has a large wave measurement prograin, does research into wave 


hindcasting and has developed a relatively complete computer file of wave 
data. 


OSS is responsible for most of the wave research in government in 
Canada, for the provision of advice to the regulating agencies such as COGLA 


and Transport Canada and for the archival and distribution of its wave data 
holdings. 


(b) The Atmospheric Environment Service 


The Atmospheric Environment Service is the agency responsible for 
weather forecasting and operational wave forecasting. They also collect, 
distribute and archive the visual observations of wave height from ships ol 
opportunity. The other very important role of AES in the wave climate area is 
the provision of accurate wind fields for wave hindcasting and the contributicn 
of scientific knowledge of winds in the development of advanced wave models. 


AES also is active in the routine production of the twice daily wave 
charts and forecasts which go out via facsimile broadcast from the DND 
Meteorology and Oceanography (METOC) centres on the east and’ west coasts. 


The METOC centres are DND centres staffed primarily by AES meteorologists 
on secondinent. 


(c) The Department of Public Works 


DPW is both a customer and a provider of wave clitnate information. In 
their work in designing and building marine facilities such as harbours, 
breakwaters, etc., they require various types of wave information. They have 
therefore developed such tools as hindcasting procedures and wind and wave 
data presentations and formats for internal use. These developments are 
useful to other clients requiring wave information. The primary source of data 
for DPW is the MEDS measurement programs and the AES wind data banks. 


(d) National Research Council 


j 
The role of the National Research Council at the present time is related 
to their program in testing the performance of fixed and floating structures 
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through physical modeling studies. They are primarily a customer for 
prototype wave data but in the course of their worl: they develop requirements 
for specific wave data analyses, unconventional wave parameters and 
Climatologies which are of broader interest. 


(e) Transport Canada 


Transport Canada are also primarily customers for wave data and 
information. However in their role as a regulatory agency they find tt 


necessary from time to time to commission specific wave studies to provide 
them with information necessary for the decision making process. 


(f) Department of National Defence 


The DND have a requirement for real time wave information which ts 
met through their operation of the METOC centres on the east and west 
coasts. Data are relayed to METOC centres from the ships of opportunity 
observing program and from MEDS wave buoys through either the weather 
observers on oil rigs or satellite communications. The METOC wave charts 
are a source of visual wave height, period and direction Inforination over the 
past decade and a half. DND also has an oceanographic program at Royal 
Rhodes which adresses wave problems from time to time. 


(g) Canada Centre for Inland Waters 


The Canada Centre for Inland Waters has a wave program designed 
around its wind-wave tank facility. The facility is quite modern and 
sophisticated and is excellent for researching problems in the wave generation 
and decay processes. 


(h) Universities 


There are several universities in Canada with oceanographic or civil 
engineering programs which have wave components. Included are UBC, 
Dalhousie, Mernorial and Queens Universities. 


(i) Oil Industry 


At the moment the oil industry has one of the Jargest requirements for 
offshore wave information in support of both exploratory drilling and develop- 
ment of production plans. The industry commissions a wide, variety of wave 
studies using the services of a growing engineering consultant industry in order 
to obtain information for engineering design and in order to provide the 


government regulatory agencies with the information they need to evaluate 
the various aspects of operation. 


(j) Eng ineering Consultant Industry 


This industry in Canada has been substantially strengthened over the past 


few years because of offshore oil activities. It includes strong capabilities in 
environinental studies in the wave field, 


(k)  Governinent Funding Agencies 


Governinent wave programs are funded in a variety of ways. The four 
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primary sources of funding at the moment include regular departmental A 
bases, the Office of Energy Research and Development, the DSS Unsolicited 
Proposal Fund and the Program for Industry/Laboratory Projects. 


An additional funding route exists for certain classes of joint 


industry/governinent environinental studies. This is the Environmental Studies 
Revolving Mund. 
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Wave Data for the North Sea 


Production of oil and gas has been taking place in the North Sea for 
many years. Therefore, it is valuable to compare the wave data produced for 
the design and operation of North Sea structures with that available in 
Canadian waters and to note the identified limitations of North Sea data so 
that the same limitations may not exist in future Canadian data. the 
following discussion is primarily based on the experience of the U.Is. Institute 
of Oceanographic Sciences (IOS). 


Recorded Wave Data 


Wave recorders (Waverider buoys) are installed off many platforms in the 
North Sea. However, this is not required by regulation, a fact which is 
regretted by IOS scientists. In Norwegian waters the owner is required to 
obtain and provide wave data to the regulatory agency. In the Weise EVEN 
when data are obtained by the owner they may not be available to other 
organizations. 


Shipborne wave recorders have been installed on some ships stationed at 
important locations in the North Sea. A 3 year project was initiated to obtain 
data at three locations in U.K. waters using this method, The project was not 
entirely successful because poor data recovery was experienced. 


In summary, the requirement for long teri recorded data is recognized 
and some success has been obtained. However, the extent of data available 1s 
less than is considered necessary. 


Hindcast Wave Data 


The existing U.K. guidance notes which describe the 50 year return 
period maximum wave height throughout U.I<. waters were primarily based on 
a parametric hindcast using extreme winds provided by the U.K. 
Meterological Office (Draper 1972). More recently a spectral hindcast, named 
NORSWAM, was completed by U.K. Government scientists after initiation by 
the U.K. Petroleum Operator Association and the Department of Environment 
(U.K. regulatory Agency), NORSWAM hindcast 42 severe storins occurring 
during the period 1966 and 1976. ‘Data from the hindcast were archived for 
locations throughout the North Sea. Following analysis of the NORSWAM data 
it was concluded (Haring 1979) that the existing Guidance notes did not under- 
estimate extreme wave conditions. 


Visual Observations 


The same visual observations are available for North Sea Waters that are 
available in other areas frequented by shipping. These data were not used in 
preparing the U.K. Guidance Notes. 


Extreme Wave Conditions 


Estimates of extreme wave conditions for the North Sea are contained in 
"Guidance for the Design and Construction of Offshore tnstallations" prepared 
by the U.K. Department of Energy, the U.K. regulatory agency, and in "Rules 
for the design, construction and inspection of Offshore Structures; Appendix A 


te ; vats J afi) ieAe To 


we, iif 
WER: dip | ee tit at iia } 
Lest te baetth wii" it lors 3 iw 
Vike art monetae Blange ofigs ae 
. ae Aiea! | SiNe eee i 


; Na Pelt | none St. | 


pee A ‘ poe 
le ee ll "9 ) apabrenss ove Wr his _ 
ae \ ¢ 
| ith eh eis | roeewotl | be” ‘hie 


1a ET HE eed a i! Ku bottorge a 
} ( OL Ta $ _. j aie bnonletde, 


m4 C2, SP ONS int) Gide 6° 4) eb on : 
1 e04 i i] ay ‘4 reiyi <inegie 
anu hua ual : 
aaah i sa ty j i a iy 
(Pil, 7S0 qvmdaiwm .°..% 
PD ebe } i ) oth 7 er 
et by $s :, Hd Pe ger vd - 
BW ow) 
4 + ’ if 
23 4" ae . : ” 
ri wey » rt 4 
pas ¢ 
t os) : 
” 
vie. ' 
a ‘ fi 
5 
f j /¢€ ( / 
we A Temes 
i Ae “ Ot Gey ‘ 
CFA ron ’ 
sw ’ i ; " ed 
of] 5 wit f 
ae Fas 0 
c ' <a: i 
oti} ie } ; 
Moise 
Ul 
i spore. fies — 
cru ie rij ie 


ple se j io ni ald inlisve® | 
2900 gate: aU ert a 


‘eneitibne> aval per vise 


ifj Hf ee o¥S Vy els. io 2 afGmy 
lu inl mde 1079 et, | eo) onli “ol 72 rind i] ne 
ioe ik mths mrt Nd 


~ lo (Ooo qaniiins Telia iends aviigles 


ae ‘ 


4.5 


Cr 


75 


- Environmental Conditions" prepared by Det Norske Veritas. Similar publica- 
tions have not been prepared for Canadian waters by either regulatory 
agencies or classification socicties. 


In addition, a number of technical papers discussing extreme wave 


statistics based on recorded data and the NORSWAM hindcast data are 
available, Haring (1979) for example. 


Conclusion 


A comparison of North Sea data with Canadian data leads to the 


following conclusions: 


i) 


ii) 


iii) 


iv) 


More long term measured wave data has been obtained in the North Sea 
than in the study area in Canada. 


Based on North Sea experience, efforts to obtain long term measured 
wave data in offshore areas of Canada are essential to the development 
of reliable data required for the design and operation of structures. 


The major hindcast study for the North Sea (NORSWAM) was initiated by 
industry and undertaken by Government scientists. In Canada recent 
studies have been completed by individual companies. One study, 
supported by all organizations and designed to provide the most complete 
and accurate information possible for all important offshore areas has 
not been undertaken in Canada. 


Guidance notes, which should provide the best estitnate of extreme wave 
conditions available and which can form the subject for technical debate 
within the industry, regulatory agencies and classification societies, co 
not exist in Canada. 
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Figure 4.1 Portions of the study area where the water depth is 100 m or Tess. 
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Figure 4.2 Portions of the study area where the water depth is 50 mor less. 
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Figure 4.3 Procedures to evaluate the effects of bottom topography 
on wind generated waves. 
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Special Study Areas 
The Shallow Water Transformation of Waves 


As waves propagate shoreward from deep water, they begin to interact 
with the seabed and the wave height, wave length, wave direction and, in some 
Circumstances, wave period, begins to change. These transformations are the 
result of several physical processes, some of which act in combination and 
some of which may act independently. The net result is that the physical 
characterisitics of the wave climate will be substantially different in shallow 
water than observed or estimated in deep water. Wave heights may be higher, 
or lower, then the offshore wave heights and wave breaking may occur because 
of the limited water depth. 


In general terms, the bottom topography begins to Significantly influence 
the propagation of waves in water depths that are in the order of one-third of 
the wave length or less. The shallower the water and the more irregular the 
ocean bottom, the greater will be the resulting changes to the waves. During 
severe storms wave periods may reach 15 secs and these waves will begin to be 
influenced by water depths of 100m. 


Figure 4.1 shows the parts of the study area where the water depth is 
100m or less. A study of extreme wave conditions in these areas should 
consider the ‘possible influence of the bottoin topography on the magnitude of 
the predicted events. In general, the bottom is relatively flat and dramatic 
changes to the wave characteristics do not appear to be likely for most areas, 


However, there are exceptions where the bottom topography is irregular and 
relatively steep slopes exist. 


Figure 4.2 shows the parts of the study area where the water depth is 
20m or less. In these areas attention should be given to the effects of the 
bottom topography when developing wave climate statistics. The influence on 


extreme wave conditions can be expected to be particulary Significant in these 
areas. 


Procedures ‘for the calculation of shallow water translorrnation of wave 
data can be divided into two types: . 


a) procedures for the representation of a randoin or irregular sea-state by 
long crested monochromatic waves with a single frequency or period and 
uniform height or a 

b) procedures for the representation of a random sea-state using spectral 
methods. These spectral representations may include directional and 
non-directional wave spectral formulations. 


A general outline of these procedures is presented in Figure 4.3. The 
correctness of either approach is still a matter of debate in the coastal] and 
ocean engineering community. Procedures for a long crested monochromatic 
wave with a single frequency are in wide-spread use and procedures for various 
spectral forinulations also exist, Plowever, the Inajorily Of on pois research 
in the area of shallow water transformation is directed to the development of 


generalized formulations for spectral inethods to be used by the engineering 
community. , 
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Procedures for long crested monochromatic waves with a single fre- 
quency can include the effects of wave refraction, wave shoaling, wave energy 
dissipation due to bottom friction and breaking in shallow water. No account 
is made for additional wave energy generation by the wind as waves propogate 
shorewards or for energy dissipation mechanisms such as bottom percolation or 
breaking induced by wave steepness instability, or for non-linear wave-wave 
interactions. 


In general most of these procedures are either unverified or only verified 
in certain special or idealized applications. 


Procedures for spectral formulations can be divided into two types: 
a) those based on parainetric models 
b) those based on physically realistic formulations. 


Parametric methods are based on the concept of representing the 
random sea-state with an assumed spectral shape defined by a limited number 
of parameters. Parametric models have been developed which implicitly 
incorporate non-linear wave interactions by the assumed shape of the spectra, 


but they do not incorporate transformations caused by interaction of the sea 
bed and the waves. 


Physically based spectral formulations include terms which describe the 
wave generation mechanisms, such as the Philips’ resonant mechanism and the 
Miles' stability mechanism, wave energy dissipation terms for bottorn friction 
and wave breaking and terms to describe refraction and shoaling. The non- 
linear wave interactions are not included in these forrnulations primarily 


because of the extensive complications which would result in the computa- 
tional solution. 


Physically based spectral formulations also exist for both stationary and 
non-stationary meteorological conditions. Non-stationary conditions include 
combinations of sea and swell arriving at a shallow water location where 
either the offshore meteorological’ conditions producing swell are changing or 
the local meteorological conditions producing local seas are changing. 
Changes in the meteorological conditions can include variations in the wind 


strength or direction. Stationary conditions assume that no changes are taking 
place. 


In general, parametric based models for shallow water can only describe 
local stationary conditions although non-stationary models in deep water have 
been developed and used in other areas. 


It should be noted that existing physically based. methods do not include 
non-linear wave interactions primarily for two reasons: 


a) well tested models for shallow water do not presently exist or are in the 
research state. Models do exist for deep water conditions. 


b) Including non-linear terms in existing computational schemes will result 
in costly and complicated procedures. 


yo Aa rN ‘ 


| : 7 -_ Pa een he pi ‘ie a, 2 wu 
hf rf] tt BOs ie On (CLS 20ST | 2? ViIRTIGL BIG ite 


' : a Ly i af 7 AT Mi ,. 7 ' 
iid iri: Sire, fer nari re ’ 
Adee ovaw olsen mi ' 717° 
i won pile ova i Bint RIG ‘at - 
nt bitiwe er usp aioe 9 xy pth, 28 jel nowibbs. 
Had a8 vind, crea ps Waid Cima OF we 

. ‘Ucn SemeTe Yue mI basubal’s 
a 

‘+ it ‘ i ‘ | . 2 : 

ST AneEE cI Ty | ont lw mag ty, : 

OTR Segge bostucotee | inege MintreD 


; 4 ay ' ' i 
: 4 : J e to) { r Torry t Li : rds 4 4 ie Ub 2907 ont 
ey A me 1 3 a 


ve we y Lataarase rosy 


se) 


ae 
i # 
a 
a ij pa wih é 4 24 es 
Vaslel en orp wap. |e 
Pee ie acy Wie “Ae MON 
‘ e t ° 
olan i mye beet} lo = 
" 
weer Ri sailahs dee late. soon) 


a A 
“eine 2a Ss oe At 

t f “wis ft be oau Hy 

a tos 


« < ( iC] 
by daha ; ee) eee) oi 1 YG 
’ % 5 4. ; , bas stad 
\ 7 4 Di] (a Pe aa ee oe OT. VIBM ielmen T 


waite » lo eneiranidares: 
. Late arin oo 
i hea. "Bae t- iste 
Leone AY th. 228 
ii rie yb. Jo “AS 


ties at b 1 baqaip va ossd 
i re 
i. Te (lie mey ale mite é 3 Pet paso * j hye ala ti aed ‘! 
OW Ok VERS eT GOT AL VG We 1a: conul, \ 
¥ a) 


t AY 
. 7 a i sl *“ of > 4 » 
zive vitrisesia jon ab igtew wolhege wep tiebant bojess tf ips sae 
J F ' se ae a A Ps ap? 
» 9SIGW G90 IOl 7aiee od BS ouiv! atcle ti yee Te 


4 
vl i F 
i) i oy) ne AE 


ndrioe Londltstuqmea gaiteixe af ainiet. waanil-non, write al 
sonbosord a serleens bag vite 
no Ny : 


8] 


It is generally agreed among researchers that the non-linear wave 
interaction terms may be the most important parameter in the shallow water 
transformation. However, there is not total agreement and soine researchers 
fee] that the apparent importance of non-linear terms may be the by-product 
of existing simplistic linear models for refraction, shoaling and the lack of 
consideration of the effects of short crestedness and directional character- 
istics of the random sea-state. 


In all cases, existing procedures for the shallow water transformation of 
wave data are either unverified, or have been verified with limited data or in 
Special circumstances. Caution should be exercised in the application of any 
particular method which has not been verified against data obtained in the 
area of interest. 


During the course of this investigation the following conclusions were 
drawn regarding the influence of bottom topography on wave conditions in the 
study area. 


ie An in-depth analysis of wave transformation due to water depth was not 
identified for any location within the study area, following review of the 
available technical literature. 


2. None of the wave hindcast studies summarized in this report consider the 
effects of bottom topography in possibly increasing or decreasing the 
predicted wave heights. 


oO; It has been postulated but not proven, that water depth may have a 
Significant effect on the wave climate, in particular extreme wave 
conditions, in some of the more active parts of the study area such as 
Hibernia or Venture. 


4. Existing methods of simulating wave transforrnation are limited by a 
general lack of prototype verification. Application of these methods to 
the study area may be particularly difficult (and very expensive to 
complete) because of the very large area that may influence the wave 
Climate at a selected location and because of the probable need to 
consider simultaneous wave transformation and wave generation. 
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Non-Conventiona] Wave Events 


A number of possible wave characteristics have been identified as having 
the potential to produce motion or stress responses in a structure that are 
Significantly different from those estimated to occur using analysis procedures 
With standard wave characteristics. These characteristics, referred to in this 
report as non-conventional wave events, include non-symimetric wave geo- 
metry, breaking waves in deep water, wave grouping and 'freak' waves. 


This concern with non-conventional events is being demonstrated by 
hydraulic laboratories that have recently developed improved capabilities in 
simulating realistic sea-states. 


It will take titne before these concerns can be represented in design 
procedures because the available recordings of measured waves do not provide 
sufficient information to document. these characteristics or to allow the 
frequency of occurence of these characteristics to be defined. 


It should be noted that while the industry is closely Inonitoring the 
Progress being made in hydraulic laboratories and by scientists concerned with 
Wave measureinent, there is not a concern that existing design procedures are 
unsafe. There is no published Prototype evidence supported by measurement, 
to suggest that any structure associated with the oi! industry has been 
damaged as a direct result of one of these non-conventional wave events. 


Wave characteristics that are being studied at present are as follows: 


5.2.1 Wave Assymetry 


There is evidence from wave recordings that the average Slope on the 
leading side of a wave js steeper than the following side. The ste 2pness on the 
leading side may be greater than assumed in design procedures and has the 
potential of producing larger loadings when the wave interacts with a 
Structure. 


3.2.2 Wave Breaking : 


Breaking of waves in deep water have been characterized, Mason lvoe) 
as 'plunging', a situation where the wave crest curls forward over the front 
Slope of the wave and ‘spilling’ where the wave crest spills down the front 
Slope. Leblond (1982) notes that breaking is a manifestation of strong non- 
linearities of the free surface boundary conditions and that is one of the least 
understood aspects of water waves, 


Wave breaking is known to result in a condition where waves move into 


an opposing current as well as when the non-linear interaction of several 
waves in a train occurs. 


Field investigation of breaking waves is the subject of a possible 
research program to be undertaken in the North Sea by U.K. scientists. 


9.2.3 Wave Grouping 
‘ 
It can be observed in many wave records that the larger waves are 
grouped together rather than being randomly dispersed within the wave record. 
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It has been demonstrated that some structures respond differently to the two 
wave trains (one with the larger waves grouped together) even though the 
average or significant wave height for the two records tnay be the same. The 
effect is due to two phenomena. A group set-down under a wave group and an 
associated set-up between groups leads to the forrnation of long waves which 
can excite structural response. This is important in shallower water. The 
successive occurrences of several large waves in a group in conjunction with 
the non linear response of structures to waves leads to excitation frequencies 
which are related to the group repetition frequency rather than the wave 
frequencies. This is important for large structures. 


Wave grouping is presently being extensively reviewed by many 
researchers. It is, for example, proposed by sotne researchers that wave 
grouping occurs in any wave record providing the record is long enough and 
that the frequency of occurrence of wave groups js predicted by existing 
statistical theory. Other investigators believe the observed grouping is more 
frequent than can be explained by existing theory. 


However, the fact that wave groups do occur requires that their effect 
on the stability, motions and integrity of structures be investigated. 


5.2.4 Freak Waves 


The words 'freak', 'rogue', 'episodic', ‘abnormal’, are used to describe very 
large waves that have been encountered in the oceans. There exist many 
reports of ships encountering and being damaged by such waves. These reports 
are occasionally supported by photographs. 


There is at present no theoretical basis to describe these waves or their 
frequency of occurrence in the ocean. 


Existing statistics predict the presence of large waves that may have a 
height in the order of two times the significant wave height. The large waves 


occur as individual wave crests are superimposed when different wave trains 
interact. ; ‘ 


In the presence of a horizontal current gradient, refraction of waves may 
occur resulting in a concentration of wave energy. And an opposing current 
will cause waves to becoine steeper. Many of the ship reports of '[reak' waves 
have occurred in areas where strong ocean currents exist. An analysis of wave 
interaction with currents that may occur in the study area ‘and the possible 
consequence of increased wave heights has not been published. 


5.2.) Three-dimensional Sea-States 


Prototype sea-states have three-dimensional characteristics. Waves do 
travel in different directions and, except for swell waves do not have a 
constant height along the crest. This is easily observed and it is clear that 
structures will respond differently to the real sea-state compared to a 
situation where all the waves are assumed to travel in one direction and the 
height does not vary along the wave crest. 


a | 
However, the fact is that there are very few measurements of direction- 
al seas. Instruments exist that are theoroetically capable of measuring the 
directional characteristics of prototype  sea-states. However, these 
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instruments are only recently available and have not yet provided a substantial 
body of data. 


5.2.7. Conclusion 

The most serious limitation to research into non-conventional wave 
events, as described above, is the lack of suitable prototype measurement of 
waves. 

In the authors!’ opinion one of the more iinportant items of research to 
support the development of future design procedures is prololype measure- 


ment of waves. 


This mncasurement program should have the following emphasis. 


l. Point measurement of surface profile from a fixed location. 

2 As complete a description as possible of directional wave character- 
istics. 

a Continuous recordings during storm events. 

4. Mapping of the sea surface at an instant of time (as might be obtained 


from stereo photography). 
Future Sources of Wave Data 


There are only three sources of future wave data which show promise for 
the collection of additional wave data useful in the development of wave 
Climate information off the east coast of Canada. The first area is the 
development of advanced instrumentation. The second is the development of 
aircraft and satellite remote sensing capabilities. The third is the develop- 
ment of land based radar sensing of waves and currents. These potential 
sources are described below. 


Jeoet Advanced Instrumentation ' 


There are two types in site instrumentation which either have recently 
reached the market or are under development which are of great interest. The 
first is the surface based heave and tilt buoys produced by Datawell of the 
Netherlands and Endeco of the U.S.A. 

These buoys are designed to measure wave direction as well as wave 
height spectra. [f they can be shown to meet the tnanufacturers claims they 
will permit the collection of directional data on a routine basis. These data 
will be extremely. useful in verifying hindcast models and will thus permit the 
use of the directional outputs of these models with increased confidence. In 
addition the more complex directional data required by the research organiza- 
tion will begin to become available. 


The second instrument is under developinent at the Institute of Ocean 
Sciences, Department of Fisheries and Oceans, Patricia Bay. It consists of an 
acoustic package which sits on the bottom and senses the sea surface shape 
using high frequency sound waves. Theoretical calculations indicate that the 
device should be able to measure directional wave spectra. It is also unique in 
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that it will measure wave lengths and slopes directly rather than depending on 
theoretical considerations to convert time series to wave shapes, 


5.3.2. Applications of Airborne or Satellite Remote Sensing 
to Wave Data Collection 


Introduction 


The remote sensing of ocean waves from satellite systems offers many 
advantages. Since all of the present techniques make use of active microwave 
sensors, they return data equally well during day or night and in all kinds of 
weather. They can provide wave information from all ocean areas surrounding 
Canada depending on the choice of orbit. Each of the instruments available 
have characteristic ground coverage ranging from kilometres to hundreds of 
kilometres in width for a single orbit. The satellites carrying these sensors 
operate in low orbit and therefore have large ground speeds which means very 
quick sampling of large areas along the ground track. Because of the volumes 
of data that may be acquired relatively quickly, it would be possible to sample 
wave conditions over a large area in a short time compared to the conven- 
tional point measurements currently used. The dala so acquired must be 
incorporated routinely into the present system of analysis before it will be of 
use to offshore operators. 


Instruments 


There are three instruments used aboard satellites which can provide 
wave data. The first is an altimeter. Such an instrument can provide 
information on significant wave height and large scale currents. It also may 
have the potential for yeilding directional wave spectra, dominant wave 
direction and information on swell waves. 


The second instrument is a scatterometer. This device is used to sample 
the surface wind field to provide observations of speed and direction. It was 
used successfully on SEASAT to provide large scale coverage of winds. In 
order to arrive at wave information the wind data would have to be used tn 
conjunction with some kind of wave forecasting or hindcasting model. 


The last instrument is a synthetic aperture radar (SAR). This can be 
used for tmakiny direct observations of the ocean waves, Processing of the 
high data volumes can yield directional wave spectra and information on small 
scale surface currents. 


All of the above instruments require a substantial amount of computer 
processing before the wave information can be extracted. It appears that the 
altimeter requires the least since it will give a direct measure of average 
wave properties. The scatterometer data requires less work to extract the 
wind information than the SAR but the wind data must be used witha wave 


model so that it would seem that approximately the same effort is required for 
both instruments. 


Liastorical Data 


Two satellites have carried the instruments described above. The 
GEOS-3 satellite had on board an altimeter which was improved upon by the 
altimeter on board SEASAT. The first use of a SAR and scatterometer were 
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made with SEASAT. The SEASAT altimeter looked straight down with a swath 
(the swath is the width of the ocean surface illuminated by the radar and from 
which data are returned) of 2.4 to 12 km depending on sea-state. (Born, Dunne 
and Lame, 1979), It was designed to return surface height measurements 
accurale to 10 cin for sea-states less than 20 m. ‘The estimated significant 
wave height was projected to be accurate to plus or minus 0.5 m or L10%, 
whichever was greater. 


The scalterometer had a swath width of 500 kin on each side of the 
ground track of the satellite. The projected spacial resolution was 50 km by 
20 km, Surface winds were to be precise to plus or minus 2 mm/sec and 20 
degrees for winds speeds between 4 to 26 m/sec. 


The SAR had a swath width of 100 km with a spacial resolution of 25 m. 
The radar looked off'to the side and at 20 degrees from nadir. Because of high 
power consumption by this instrument it was only operated sporadically. Much 


of the data returned from the SAR have yet to be analysed 6 years after 
SEASAT failed. 


Potentials for Use 


A summary of the capabilities of all of the these instruments is provided 
by Huang (1979) and Brown and Cheney (1983). The significant wave height 
measured with an altimeter has been demonstrated to be comparable to 
surface wave observations with a standard deviation of 30 cm for wave heights 
below 5m, and wind speeds below 10 m/sec. These type of measurements 
have been shown to be superior ‘in reliability compared to standard ship 
reporting. Research is preceeding to enable routine analysis to extract 
directional wave information, and dominant wavelengths. Altimeters are low 
power, low data rate instruments for which fairly standard techniques exist for 
analysis. They are relatively easy to build and operate on a satellite. They 
return only limited wave information over a relatively small swath so that long 
operation times will be required before the necessary statistics may be 
acquired to develop reliable estimates of extreme wave conditions. Pecause 
of the srnall swath, the use in operational wave forecasting will be primarily as 
a calibration tool for wave models. In this respect, the data returned from an 
altimeter will be only an enhanced version of spot measurements such as 
returned from a Waverider buoy. 


A scatterometer is also a low data rate instrument with low power 
requirements. The areal coverage is large so that world ocean coverage is 
possible every day. The spacial coverage is relatively coarse but permits the 
resolution of the major meteorological wind fields. The data returned can 
have some directional ambiguity but this can be resolved with suitable data 
processing. Comparisons of SEASAT derived winds to surface measurements 
show an RMS difference of about | m/sec for large and medium scales. 


The data returned from a scatterometer can yield estimates of wave 
properties through the application of a wave hindcasting model which can 
make use of the large scale wind anaylses. The reduction of the scatterometer 
dala to wind velocities and yrid scales appropriate to such imodels is not 
automatic but appears to be easily done. The reliability of the wave results 
are then a function of the model and how important the smaller scale wind 


Variations, not well resolved by the scatterometer, are to the generation of 
waves. 
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The SAR is a high data rate, high power instrument. A typical swath 
width is 100 kin with 25 m resolution. Preliminary estimates of the ability to 
image waves gives direction estimates to plus or minus 25 degrees and 
wavelengths to plus or minus 15%. Further work on SEASAT data is continuing 
and reducing these estimates. A SAR is not yet capable of returning wave 
height information although various authors have done comparisons between 
SAR and wave buoy spectra. A SAR is seen as the only way large scale 
observations of waves may be done. With dedicated processing facilittes, wave 
information can be extracted in time for operational use of the data either 
directly or as calibration points of a wave hindcast. 


Satellite Programs 


There are a number of satellites being planned to carry these instru- 
ments and all scheduled for launch about the end of the 1980s or early 1990s, 
Canada's RADARSAT will have on board a SAR plus other instruments to be 
decided upon (a scatterometer is under consideration). Part of the prelaunch 
work is the evaluation of the SAR as a sensor for deriving wave parameters. 
The United States is considering two satellites of note. One, called NROSS 
(Navy Remote Sensing Ocean Satellite System) will carry a scatterometer. It 
is due for launch around 1988. The second is part of the TOPEX experiment 
designed to measure the sea surface slope and thereby ocean currents. It is 
designated to carry an altimeter with finer operating constraints than the one 
aboard SEASAT. It is due to be launched sometime in the early 1990s subject 
to budgetary considerations. The European Space Agency is designing a 
satellite (ERS-1) to carry both a SAR and scatterometer. Canada is 
participating in the planning of this system and therefore will have direct 
access to the data returned from the instruments. This is due for launch about 
1988. The Japanese are also planning a satellite borne SAR again to be 
launched in the 1990s. Finally, the French are planning the launch of an 
altimeter sometime in this time period as well. It is clear that by the early 
1990s these sources of wave data will begin to be available from many 
different sources. By this time some of the potential, but as yet undemon- 
strated, uses of these instruments may have become routine. 


5.3.3 Land Based Radars 


The third area of development is the land based radars. Two versions 
exist which claim to image the sea surface and return wave data. The first 
version is the CODAR which is a relatively small instrument located close to 
the beach. It images about 60 km out to sea and is reported capable of 
measuring wave heights and directions as well as surface currents. The second 
radar is an over the horizon type one which depends on reflection from the 
ionosphere to image the ocean surface. An experiment has been carried out 
with a high power radar in Rome, New York supplying the beam and a receiver 


in Ottawa receiving the returned signal. A significant portion of the Labrador 
Sea was imaged. 


Both these radars are in the development stage. It is not clear at this 


time if and when accurate data which can supplement wave climate data in 
Canada will be available. 
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Appendix A 
Design & Analysis Procedures involving Wave Data - 


In this Appendix published requirements of the industry for wave data in the 
design, classification and regulatory processes are quoted from referenced 
documents. While all published documents could not be reviewed during the course 


of this study, the following provides a representative perspective of current design 
practice and the requirement for wave data. 


A.1. Stability in Extreme Conditions 
A.1.1 Fixed Structures 
Design: 
(i) American Petroleum Institute 
API (1982) states the following concerning requirements for wave data: 
Available statistical data and or realistic statistical and mathematical 


models should be utilized to develop the description of operating and 
extreme environmental conditions. 


i, Operating environmental conditions (conditions which are expected 
to occur frequently during the life of the structure) are important 
both during the construction and the service life of a platform. 
(operating environmental conditions are discussed in this Appendix 
in section A-3). 


bo 


Extreme conditions (conditions which recur quite rarely during the 
life of the structure) are important in formulating platform design 
loadings. 


All data used should be carefully documente The estimated retiability 
and the source of all data should be noted and the methods employed in 
developing available data into the desired environmental values should be 
defined. 


Wind-driven waves are a major source of environmental forces on 
offshore platforms. Such waves are irregular in shape, can vary from 
one or more directions simultaneously. For these reasons the intensity 
and distribution of the forces applied by waves are difficult to 
determine. Because of the complex nature and the technical factors 
which must be considered in developing wave-dependent criteria for the 
design of platforms, experienced specialists knowledgeable in the fields 
of meteorology, oceanography, and hydrodynamics should be consulted. 


In those areas where prior knowledge of oceanographic conditions is 
insufficient, the development of wave dependent design parameters 
should include at least the following steps: 


i; Development of all necessary meteorological data. 
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a. Theoretical projection of surface wind fields. 


3. Theoretical prediction of deepwater general sea-states along storm 
tracks. 


4. Definition of maximum possible sea-states consistent with geog- 
raphical limitations. 


o. Delineation of bathymetric effects on deepwater sea-states. 


6. Introduction of probabilistic techniques to predict sea-state occur- 
rences at the platform site against various time bases. 


Le Development of design wave parameters through physical and 
economic risk evaluation. 


In areas where considerable previous knowledge and experience with 
oceanographic conditions exist, the foregoing sequence may be shortened 
to those steps needed to project this past knowledge into the required 
design parameters. 


It is the responsibility of the platform owner to select the design sea- 
state, after considering all of the factors listed. In developing sea-state 
data, consideration should be given to the following: 


For extreme conditions: 


Definition of the extreme sea-states should provide an insight as to the 
number, height, and crest elevations of all waves above a certain height 
which might approach the platform site from any direction during the 
entire life of the structure. 


Projected extreme wave heights from specified directions should be 
developed and presented graphically vs. their expected average recur- 
rence intervals. Other data which should be developed includes: 


Ie The probable range and distribution of wave periods associated 
with extreme wave heights. 


A The projected distribution of other ‘wave heights in the wave train 
producing an extreme wave height(s). 


KP The maximum crest elevations of the extreme sea-states. 


4. The tides, currents, and winds which potentially occur simulta- 
neously with the wave trains producing the extreme waves. 


Be The nature, date and place of the event which produced the 
historical sea-states (e.g. Hurricane Edith, September 16, 1971, 
Gulf of Mexico) used in the development of the projected values. 


Alternately, this sea-state data could be presented in spectral format by 
plots of sea-state energy content vs. expected average return intervals. 
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Also of value to the platform designer (and/or owner) when performing 
risk analyses would be predictions of the number of extreme sea-states 
(containing wave heights or crest elevations exceeding a specific lower 
bound) from various directions which could be expected at the site during 
the life of the platform. 


At the option of the design engineer, this wave information can be 
extended by a qualified hydrodynamist into pressure field or wave force 
data for selected sea-states. These data can be supplied in either 
conventional (at points in time) or spectral format. 


With respect to the loads produced by waves API (1982) states the 
following: 


Environmental loads are loads imposed on the platform by natural 
phenomena including wind, current, wave, earthquake, snow, ice and 
earth movement. Environmental loads also include the variation in 
hydrostatic pressure and buoyancy on members caused by changes in the 
water level due to waves and tides. 


Environmental loads, with the exception of earthquake load, should be 
combined in a manner consistent with the probability of their simulta- 
neous occurrence during the loading condition being considered. 


The wave loads on a platform are dynamic in nature. For most design 
water depths presently encountered, these loads may be adequately 
represented by their static equivalents. For deeper waters or where 
platforms tend to be more flexible, the static analysis may not ade- 
quately describe the true dynamic loads induced in the platform. 
Correct analysis of such platforms requires a load analysis involving the 
dynamic action of the structure. 


Static Wave Analysis 


ab Design Wave Parameters. Generally the design wave(s), as 
selected by the platform owner, is described by the parameters of 
wave height, wave period, and total water depth. Alternately, 
design wave(s) may be specified (by the platform owner) by means 
of the frequency distribution of its energy content (spectral 
format). In either case, the values specified should be consistent 
with the intended use of the structure. 


bi Wave Force on a Member. The computation of the force exerted 
by waves on a cylindrical object is dependent upon the ratio of the 
wave length to the member diameter. When this ratio is large, it 
may be assumed that the member does not significantly modify the 
incident wave. The wave force ona cylindrical object ts computed 
as the sum of a drag force, which is related to the kinetic energy 
of the water, and an inertial force which is related to the 
acceleration of the water. This force is given by... 
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where: 

F = hydrodynamic force vector per unit length acting normal to the 
axis of the member, lb/ft (N/m) 

Fp = arag force vector per unit length acting normal to the axis of the 
member, lb/ft (N/m) 

F; = inertia force vector per unit length acting normal to the axis of 


the member, lb ft (N/m) 


Cp = drag coefficient 


w _—- =_- weight density of water, Ib/ft(N/m’) 

g = gravitational acceleration, ft/sec” (m/s*) 

D = diameter of cylindrical member, ft (m) 

U = component of the velocity vector of the water normal to the axis 
of the member, ft/sec (m/s) 

|U| = absolute value of U, ft sec (m/s) 

Cu = mass coefficient 

du ' ; 

Emde component of the acceleration vector of the wave normal to the 


axis of the member, ft/sec’ (m/s’) 


Water particle velocity and acceleration are functions of wave height, 
wave period, water depth, distance above bottom, and time. These 
functions may be determined by any defensible method. 


3. 


Wave Position (Horizontal) Relative to Structure. The wave crest 
should be positioned relative to the structure so that the wave 
forces have their maximum horizontal effect on the structure. 
Maximum stress in a locally sensitive portion of the structure may 
occur for a wave position, height, or period other than that causing 
maximum total force on the structure as a whole. 


Dynamic Wave Analysis 


1. 


bo 


General. A dynamic analysis of a fixed platform is indicated when the 
design sea-state contains significant wave energy at frequencies near 
the platform's natural frequencies. The wave energy content versus 
frequency can be described by wave (energy) spectra as determined 
from measured data or predictions appropriate for the platform site. 
Dynamic analyses should be performed for guyed towers. | 


_Waves. Use of a random wave theory is appropriate for dynamic 


analysis of fixed platforms. The regular wave theories above may be 
used if they adequately define the frequency distribution of wave 
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force for platform modes that contribute significantly to the platform 
dynamic response. 


Currents. Currents should be added to the wave kinematics. 


. Windis. For analysis of template, tower or caisson platforms, member 


forces due to wind loading may be superimposed. 


For guyed towers, the analysis should include the simultaneous action 
of wind, waves and current. It may be appropriate to consider wind 
dynamics. 


. Fluid Force on a Member. Equation 2.3.1 (of API 1982) may be used to 


compute forces on member of template, tower, or caisson platforms. 
For guyed towers this equation should be modified to account for 
relative velocity by making the following substitution in the drag force 
term. 


replace U|U| by (U-x)|U-z| 


wherex = component of structural velocity normal to the axis 
of the member, ft/sec (M/S) 
U = as defined 


This relative velocity formulation may also be used for template, 
tower, or caisson platforms having large deflections in which case 
damping values should be adjusted. 


Fluid forces associated with the platform acceleration are accounted 
for by added mass. 


_Structural Modeling. The dynamic model of fixed platforms should 


reflect the key analytical parameters of mass, damping, and stiffness. 
The mass should include that of the platform steel, all appurtenances, 
conductors, and deck loads, the mass of water enclosed in submerged 
tubular members, and the added mass of submerged members. 


Equivalent viscous damping values may be used in lieu of an explicit 
determination of damping components. In the absence of substanti- 
ating information for damping values for a specific structure, a 
damping value of five percent of critical for extreme wave and two 
percent of critical for fatique analyses may be used. [If relative 
velocity is considered in the wave force computation, reductions 
should be made in the damping values. 


For guyed towers, response to extreme waves may be predicted 
ignoring structural damping. In the absence of substantiating inf orma- 
tion for damping values for a specific guyed tower, a damping value of 
one percent of critical may be used for fatigue analyses. 


The analytical model should include the elastic stiffness of the 
platform and reflect the structure foundation interaction. It may be 
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appropriate to consider a stiffer foundation for fatigue analyses than 
for extreme wave response analyses. For guyed towers, these stiff- 
nesses should be augmented to account for the guyline system. 
Analysis procedures may be required that account for the dynamic 
interaction of the tower and guyline system. All guyed tower 
analytical models should include geometric stiffness (large displace- 
ment effects). Forces affecting geometric stiffness include gravity 
loads, buoyancy, the vertical component of the guyline system reac- 
tion, and the weight of conductors including their contents. 


7. Analysis Methods. Time history methods of dynamic analysis are 
preferred for predicting the extreme wave response of template 
platforms, caissons, and guyed towers because these structures are 
generally drag force dominated. The non-linear system stiffness also 
indicates time domain analysis for guyed towers. Frequency domain 
methods may be used for extreme wave response analysis if lkneariza- 
tion of the drag force can be justified: for guyed towers, both the 
drag force and non-linear guyline stiffness methods are generally 
appropriate for small wave fatigue analysis. 


For member design, stresses may be determined from static analyses 
which include in an appropriate manner the significant effects of 
dynamic response determined from separate analyses made according 
to the provisions of this Section. 


Deck Clearance. Large forces on a platform may result when waves 
strike a platform's lower deck and the concentration of equipment 
thereon. With the appropriate provisions made for increases in water 
depth due to storm and astronomical tides, and platform installation- 
water depth determination allowances, the guideline wave heights to- 
gether with the applicable wave theories and wave periods determined 
from specified wave steepness may be used to compute deck clearance 
elevations. 


Referenced level deck clearance elevations are shown in table 2.3.4 (of 
AP] 1982). These elevations are determined by the crest height 
associated with the reference level wave height and wave steepness, the 
storm and astronomical tidal heights, pius an appropriate safety 
allowance. 


Provisions should be made for wave forces developed on deck compo- 
nents and equipment placed below the anticipated crest elevation 
associated with the guidelines wave heights. 


Classification? 


(i) 


American Bureau of Shipping (ABS) 


ABS (1983) states the following concerning environmental design 
criteria: : 


The combination and severity of environmicntal conditions for use In 
design are to be appropriate to the problem being considered and 
consistent with the probability of simultaneous occurrence of the 
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environmental phenomena. It is to be assumed that environmental 
phenomena may approach the installation from any direction unless 
reliable site-specific data indicate otherwise. The direction, or combin- 
ation of directions, which produces the most unfavorable effects on the 
installation is to be accounted for in the design. 


Design Environmental Condition 


In these Rules, the combination of environmental factors producing 
the most unfavorable effects on the structure, as a whole and as defined 
by the parameters given below, is referred to as the Design 
Environmental Condition. This condition is to be described by a set of 
parameters representing the most severe environmental condition ex- 
pected to occur during the life of the structure and will normally be 
composed of: 


a. The maximum wave height corresponding to the selected recurrence 
period together with the associated wind, current and limits of water 
depth, and appropriate ice and snow effects. 


b. The extreme air and sea temperatures. 
c. The maximum water level due to tide and storm surge. 


However, depending upon site-specific conditions, consideration should 
be given to permutations of the combinations of events contained in item 
a above. The recurrence period chosen for events a, b, and c above is 
normally not to be less than one hundred years, unless justification for a 
reduction can be provided. 


Specific Exxvironmental Conditions 
Waves 


a.General Statistical wave data from which design parameters are 
determined are normally to include the frequency of occurrence of 
various wave height groups, associated wave periods and directions. 
Published data and previously established design criteria for particular 
areas may be used where such exist. Hindcasting techniques which 
adequately account for shoaling and fetch limited effects on wave 
conditions at the site may be used to augment available data. 
Analytical wave spectra employed to augment available data are to 
reflect the shape and width of the data, and they are to be appropriate 
to the general site conditions. 


b. Long-Term Predictions All long-term and extreme-value predictions 
employed for the determination of desiyn wave conditions are to be 
fully described and based on recognized techniques. Design wave 
conditions may be formulated for use in either deterministic or 
probabilistic methods of analysis, but the method of analysis Is to be 
appropriate to the specific topic being considered. 


c. Data The development of wave data to be used in required analyses is 
to reflect conditions at the installation site and the type of structure. 
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As required, wave data may have to be developed to determine the 
following: : 

Deck level clearance and provision for air gap 

Maximum mud line shear force and overturning moment 

Dynamic response of the structure 

Maximum stress, dynamic amplification, impact and fatigue of local 
structure 


Breaking wave criteria are to be appropriate to the installation site and 
based on recognized techniques. Waves which cause the most unfavor- 
able effects on the overall structure may differ from waves having the 
most severe effects on individual structural components. In general, 
more frequent waves of lesser heights, in addition to the most severe 
wave conditions, are to be investigated when fatigue and dynamic 
analyses are required. 


With respect to loads produced by waves, ABS (1983) note the following: 


Environmental loads are loads due to wind, waves, current, ice, snow, 
earthquake, and other environmental phenomena. The characteristic 
parameters defining an environmental load are to be appropriate to the 
installation site. Operating Environmental Loads are those loads derived 
from the parameters characterizing Operating Environmental 
Conditions. Design Environmental Loads are those loads derived from 
the parameters characterizing the Design Environmental Condition. 


Environmental loads are to be applied to the structure from directions 
producing the most unfavorable effects on the structure, unless site- 
specific studies provide evidence in support of a less stringent 
requirement. 


Model or field test data may be employed to establish environmental 
loads. Alternatively, environmental loads may be determined using 
analytical methods compatible with the data established. Amy recog- 
nized load calculation method may be employed provided it has proven 
sufficiently accurate in practice, and it is shown to be appropriate to the 
structure's characteristics and site conditions. The calculation methods 
presented herein are offered as guidance representative of current 
acceptable methods. 


Wave Loads 


a. Range of Wave Parameters A sufficient range of realistic wave 
periods and wave crest positions relative to the structure are to be 
investigated to ensure an accurate determination of the maximum wave 
loads on the structure. Consideration should be given to other wave 
induced effects such as wave impact loads, dynamic amplification and 
fatigue of structural members. The need for analysis of these effects ts 
to be assessed on the basis of ‘the configuration and behavioral charac- 
teristics of the structure, the wdve climate and past experience. 


b. Determination of Wave Loads For structures composed of members 
having diameters which are less than 20% of the wave lengths being 
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considered, semi-empirical formulations such as Morison's equation are 
considered to be an acceptable basis for determining wave loads. For 
structures composed of members whose diameters are greater than 20% 
of the wave lengths being considered, or for structural configurations 
which substantially alter the incident flow field, diffraction forces and 
the hydrodynamic interaction of structural members are to be accounted 
for in design. 


c. Morison's Equation The hydrodynamic force acting on a cylindrical 
member, as given by Morison's equation, is expressed as the sum of the 
force vectors indicated in the following equation. 


F= Fy + Fr 
F = hydrodynamic force vector per unit length along the member, 


acting normal to the axis of the member 


F drag force vector per unit length 


F = inertia force vector per unit length 
The drag force vector for a stationary, rigid member is given by 


a (y/2g) DC, 7a | 


<4 
ry = weight density of water, in N/m (PD/ Ft} 
. ' 4 2 2 
g = gravitational acceleration, in ™/é (ft/s) 
D = projected width of the member in the direction of the cross-flow 


component of velocity (in the case of a circular cylinder, D 
denotes the diameter), in m (ft) 


Cp = drag coefficient (dimensionless) 


Un = component of the fluid velocity vector normal to the axis of the 
member, in m/s.(ft/s) 


|x = absolute value of u_, in m/s (ft/s) 


“ai 


The inertia force vector for a stationary, rigid member is given by 


r 2 
jPsaely Pac ml hist /4) Cy a, 


Cm = inertia coefficient based on the displaced mass of fluid per unit 
length (dimensionless) 
Qn = component of the fluid acceleration vector normal to the axis of 


the member, in m/s* (ft/s’) 
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For compliant structures which exhibit substantial rigid body oscillations 
due to the wave action, the modified form of Morison's equation given 
below may be used to determine the hydrodynamic force. ~ 


i a A = (y/2g) Dey(u us) Ju ut | 


2 bs 
at V/s /4)a, to V/C) LT gay om (a, -a}) 


Un = component of the velocity vector of the structural member 
normal to its axis, in m/s (ft/s) 


Cm = added mass coefficient, t.e., Ce = Cy -] 
an = component of the acceleration vector of the structural member 


normal to its axis, in m/s*(ft/s’) 


For structural shapes other than circular cylinders, the term in the 
above equations is to be replaced by the actual cross-sectional area of 
the shape. 


Values, of uy, and ap, for use in Morison's equation are to be determined 
using a recognized wave theory appropriate to the wave heights, wave 
periods, and water depth at the installation site. Values for the 
coefficients of drag and inertia to be used in Morison's equation are to be 
determined on the basis of model tests, full scale measurements, or 
previous studies which are appropriate to the structural configuration, 
surface roughness, and pertinent flow parameters (e.g., Reynolds 
number). 


Generally, for pile-supported template type structures, values of 
Cp range between 0.6 and 1.2; values of Cy range between 1.5 and 2.0. 


d. Diffraction Theory For structural configurations which substan- 
tially alter the incident wave field, diffraction theories of wave loading 
are to be employed which account for both the incident wave force (i.e., 
Froude-Krylov force) and the force resulting from the diffraction of the 
incident wave due to the presence of the structure. 


The hydrodynamic interaction of structural members is to be taken into 
account. For structures composed of surface piercing caissons or for 
installation sites where the ratio of water depth to wave length ts less 
than 0.25, nonlinear effects of wave action are to taken into account. 
This may be done by modifying linear diffraction theory to account for 
nonlinear effects or by performance of model tests. 
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Air Gap 


An air gap of at least 1.5 m (5 ft) is to be provided between the 
maximum wave crest elevation and the lowest protuberance of the 
superstructure for which wave forces have not been included in the 
design. After accounting for the initial and expected long-term settle- 
ments of the structure, due to consolidation and subsidence in an oil 
reservoir area, the design wave crest elevation is to be superimposed on 
the still water level and consideration is to be given to wave run-up, 
tilting of the structure and, where appropriate, tsunamis. 


(ii) Det Norske Veritas (DnV) 
DnV (1982) states the following concerning the required wave data: 


Wave conditions may be described either by statistical or deterministic 
methods. The validi!y of the procedures used is to be documented. 


The selection of suitable parameters for design purposes is in both cases 
to be based on the use of wave Statistics or accepted hindcasting 
techniques. 


Analytical wave power density spectra are to reflect the width and shape 
of typical spectra for the site considered. For open sea areas, the 
Pierson-Moskowitz type of spectrum will normally apply. Other spec- 
trum formulations will be considered under special circumstances. 


The short-crestedness of waves in a seaway, l.€., the angular distribution 
of wave energy, may be taken into account. If detailed field measure- 
ments are not available a cosine squared distribution will normally be 
accepted. 


Extreme values of wave heights are to be expressed in terms of most 
probable largest values with their corresponding recurrence pertods. 


Long-term predictions are to be based on recognized techniques. 


In design using deterministic procedures based on regular wave consider- 
ations, the wave is to be described by the parameters H and T. The 
design wave formulation used ts to be valid for the problem considered. 


The design waves or sea states are to be those resulting in the most 
unfavourable effects on the structure Or structural part considered, 
taking into account the shape and size of the structure, water depth, etc. 
Consideration is to be given to the probability of occurence of these 
design waves or sea States. 


The wave period is to be specified in each casc of application. It may be 
necessary to investigate the wave loads for a range of wave periods in 
order to ensure a sufficiently accurate determination of the maximum 
response. Normally, it will suffice to consider the following range of 
wave periods. 
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Deterministic approach: 


Stochastic approach: 


The wave field should be described by wave theories relevant to the 
conditions at the site considered. 


The still water level to be used in wave load calculations for storm 
conditions is defined as the more unfavourable of either the highest 
astronomical tide level plus increase in water depth due to wind and 
pressure induced storm surge, or the lowest astronomical tide level. 


In addition to the above DnV provide the following guidance concerning 
wave conditions: 


AZ WAVES 
A2.1.1 Wave Data 
A2.1.1 Instrumental wave Gata 


A2.1.1.1 Wave Statistics should preferably be based on instrumentally 
recorded data. 


A2.1.1.2 Attention should be given to derive relevant parameters from 
the recordings such as: 


Hg significant wave height 

Tz average zero-upcrossing wave period 
T¢ average period between wave crests 
€ spectral width 

Tp period of spectral peak 

S (w) spectral shape 


A2.1.2 Visual wave cata 


A2.1.2.1 When wave statistics are presented in terms of visual observed 
wave heights and periods Hy, Ty» thesc data may be transformed to 
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estimates of significant wave height H, and average zero-upcrossing 
period T_ at the same probability level by the following relationships: 


Hs 


1.68 ee (A2-1) 
0.82 eb (A2-2) 


Tz 


As Eqs. A2-1 and A2-2 are based on transformation on the same 
probability level, they are strictly applicable to statistical distributions 
only and not necessarily to individual sea state data. 


A2.1.2.2 Other formulae than Eqs. A2-1 and A2-2 may be used if shown 
to be appropriate for the site considered. 


A2.2 Short term wave statistics 


A2.2.1 Short term stationary irregular sea states may be described by 
wave power density. spectra such as the Pierson- Moskowitz or the 
Jonswap spectrum. 


A2.2.2 In general, the modified Pierson-Moskowitz spectrum will apply. 
However, the Jonswap spectrum may also be used if shown to be more’ 
appropriate for the site considered. 


A2.2.3. The modified Pierson-Moskowittz spectrum may be written in 
non-dimensional form as: 


S(w) Sih dag isi -9 i ur \4 
en: ear (Pa (A2-3) 
hoo, en \ 2m ee er 


where 

Hs significant wave height 

S (w) power spectral density 

i is wave period 

Tz average zero-upcrossing wave period 


Ww angular wave frequency (« = z) 
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A2.2.4 The Jonswap spectrum in dimensional form is written: 


r -4 
| oe ch 
Sf) = ag: 120) Fee oe “FAC (A2-4) 
4\f. 
P 
Pe 
| ¢r-f) 
FAC = yP f Bis a (A-2-5) 
LZ 2 
20° 4 
P 
where 
f frequency (hz) 
fp frequency of spectral peak (hz) 
g acceleration due to gravity (m/sec’) 
1 Phillips’ constant 
O spectral width parameter 
C= 0.00 1h FS 
al cl Meas bs 
ry, peakedness parameter. 


A2.2.5 Special attention should be given to the variation of the 
parameters Gand Y in Eqs. A2-4 and A2-5, respectively, when using the 
Jonswap spectrum. 


A2.2.6 Directional short-crested wave power density spectra may be 
derived from the unidirectional long-crested wave power density spectra 
given in A2.2.3 and A2.2.4 as follows: . 


S(w,a) = S(w) f(a) {A2-6) 
where 
a angle between direction of elementary wave trains and the main 


direction of the short-crested wave system 
S(w,o) directional short-crested wave power density spectrum 
S(w) unidirectional long-crested wave power density spectrum 


f(a) directionality function. 
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Energy conservation requires that the directionality function fulfills the 
following requirement: - 


OMAX 


f flayda = 2 (A2-7) 
OMIN 


A2.2.7 In the absence of more reliable data the following directionality 
function may be applied: 


fia) = : cos* a for -7T/2< a< 1/2 (A2-8) 


A2.2.8 Other directionality functions than given in A2.2.7 may be 
accepted if shown to be appropriate for the site considered. 


A2.2.9 The statistical distribution of individual wave heights tn an 
irregular short-term stationary sea state may usually be described by the 
Rayleigh distribution. 


A2.3 Long-term wave statistics 


A2.3.1 The significant wave height Hs versus probability of exceedance 
Q{H,) and the frequency distribution p (T,) of the average zero- 
upcrossing wave period te may be obtained from the wave statistics. 
Examples are shown in Figures A.1 and A.2. 


A2.3.2 Provided that the statistics of Hs may be described by a two- 
parameter Weibull distribution function, the wave height Hp at a proba- 
bility level Q=10 ‘its found from: 


ach 
Lh. = z Oye Ay 


(A2-9) 


The coefficients bz and kz are given in a table, and depend on the 
parameter "m" defined in another figure A.2. The parameter "a" is also 
defined. 


A2.3.3 The"N year wave", i.e. the most probable largest individual wave 


height during N years, may be found by introducing the following value 
for nin Eq. A2-9. 


WSO et Log yo% (A2-10) 
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A2.3.4 When the value H, ata reference probability level Q = 10° is 
given, the value H, at another probability level 10-" is found from Eq. 


Ag iis 
mn ky 
H =8 (“) (A2-11) 
n Ig: - 


Some data for the most probable largest wave heights in 100 years are 
given in table A4 (DnV 1982). The probability level Q= 10 “", which 
corresponds to once in a period of 100 years, is chosen as a reference 
level (r=8,7). 


With respect to loads produced by waves DnV notes the following: 


Wave induced loads are to be determined by use of generally recognized 
methods taking proper account of water depth, size, shape and type of 
structure. 


In the analytical determination of wave loads, the hydrodynamic coef- 
ficients used in the analysis may be determined on the basis of published 
data, model tests, or full scale measurements. The hydrodynamic 
coeffiecients are subject to approval. 


For structures of complex shape for which analytical determination of 
wave loads may not yield sufficient accuracy, the wave loads are to be 
determined by use of reliable and adequate model tests. 


The following contributions are to be considered in the determination of 
wave induced loads; 


potential pressure forces including the Froude-Krilov forces 
potential or viscous wave drift forces 

- drag forces resulting from boundary layer effects 

- impact loads 


Wave induced loads on structures consisting of members with cross 
sectional dimensions less than aproximately 1/5 of the wavelength may 
be calculated by use of Morison's equation. 

The combined effect of simultaneous drag and inertia forces is obtained 
by vectorial addition. 


Where appropriate, account ts to be taken of possible change in water 
particle velocity and acceleration caused by the structure interfering 
with the wave system. 


In lieu of more exact data, the hydrodynamic coefficients used in 
Morison's equation may be taken. A 


Closely spaced members may cause solidification effects. In lieu of 
more exact data the formulae given in Appendix B may be used for 
selection of appropriate hydrodynamic coefficients for such cases. 
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For structures having characteristic dimensions which are not negligible 
compared to the wave length and which will influence the flow field, the 
determination of wave loads will normally require application of methods 
such as sink-source techniques or finite fluid element methods. 


Hydrodynamic interaction between large immersed members of the 
structure are to be considered where such effects may be significant. 


Impact loads from waves are to be determined according to recognized 
theoretical methods or according to relevant data from model tests or 
full scale measurements. Attention is to be paid to possible dynamic 
amplification of the response. 


The possibility of flow induced cyclic loads is to be considered. 


In addition to the above DnV provide the following guidance concerning 
the calculation of wave loads. 


B2 WAVE LOADS 
B2.1 Wave loads on slender members 


B2.1.1 Wave loads on slender members having cross-sectional dimensions 
sufficiently small to allow the gradients of liquid particle accelerations 
and velocities in the direction normal to the member to be neglected, 
may be calculated using Morison's equation. Normally, Morison's equa- 
tion is applicable when the following condition is satisfied: 


Rite eo 
where 
A the wave length 
D diameter or other projected oupeeree cilount coratans at of a 


structural member. 


B2.1.2 In cases where Morison's equation is applicable, the inertia force 
may be calculated by the formula: 


= Ms Ci = 
Fy Pel Guth pc. Vp a, (BZ) 
where 
Fm inertia force acting normal to the axis of the member. If 


sectional hydrodynamic added mass coefficient and volume per 
unit length are used Fy, is a force per unit length. If three- 
dimensional hydrodynamic added mass coefficient and complete 
volume of member are used Fy is the total force on the 
member. 
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le) mass density of fluid 


Cm two- or three-dimensional added mass coefficient. In general 
Crm is a function of cross-sectional shape and orientation of 
body, Reynold's number, Keulegan-Carpenter number and 
roughness. Cm values as function of the former two factors are 
usually accepted. 


ar relative acceleration between liquid particle and member normal 
to the member axis. 


V volume or sectional volume (volume per unit length) of the liquid 
displaced by the member. 


VR a reference volume (total or sectional) to which the hydro- 
dynamic added mass coefficient may be related. 


B2.1.3 Tentative values of Cm for different cross-sectional shapes are 
given in tables for two- and three-dimensional bodies respectively. 
These values are based on potential theory and are thus only accounting 
for cross-sectional shapes and orientation. Other values for Cm may be 


used provided that the chosen values can be justified. 


The Cy value is to be used in conjunction with the acceleration of water 
particles as calculated using an appropriate wave theory. 


B2.1.4 In the cases where Morison's equation is applicable the drag force 
may be calculated by the formula: 


BPs bo lv. A (B2-2) 
where 
Fp drag force normal to the axis of the member. 
Cp drag coefficient for the flow normal to the member axis. 
p mass density of liquid. 
Vr liquid particle velocity relative to the member normal to the 
member axis. 
|v, | absolute value of vp introduced to obtain proper sign of Fp. 
A area of member taken as the projection on a plane normal to the 


force direction. 


B2.1.5 Two-dimensional drag coefficient for smooth circular cylinders in 
steady uniform flow as a function of Reynold’s number is given in Figure 
B.1 (DnV 1982). 
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B2.1.6 Tentative values of hydrodynamic drag coefficients for a circular 
cylinder of various roughnesses in steady flow are shown in figure B-2 
(DnV 1982). The roughness is expressed as the roughness number k-/D 


where kr is the effective roughness height and D diameter of member. 
In absence of more reliable data on the roughness number, k,/D = 1.1072 
may be used to account for marine growth. 


Tentative values of drag coefficients in the supercritical regime in 
steady flow for some in-service-marine-roughnesses are given in figures 
B-3 (DnV 1982). 


B2.1.7 Tentative values for the hydrodynamic drag coefficient Cp for 
other smooth cross-sectional shapes in steady flow may be chosen equal 
to corresponding values for the wind shape coefficient given in tables 
B-2 and B-4 (DnV 1982). 


B2.1.8 Hydrodynamic drag coefficients for a rough cylinder in oscil- 
lating flow are subject to approval tn each case. 


The crag coefficient for a smooth cylinder in oscillating flow should not 
be less than 0.7. 


B2.1.9 When using Morison's equation to calculate the hydrodynamic 
loads on a structure one should preferably take into account the 
variation of Cp as function of Reynold's number, the Keulegan- 
charpenter number and the roughness number in addition to the variation 
of cross sectional geometry. 


B2.2 Impact Loads From Waves 

B2.2.1 Slamming 

B2.2.1.1 Horizontal members in the splash zone are susceptible to forces 
caused by wave slamming when the member is being submerged. The 


dynamic response of the member should be accounted for. 


B2.2.1.2. For a horizontal member the slamming force per unit length 
may be calculated as: 


P= 3p C.D (B2-3) 
where 
Fs slamming force per unit length in the direction of the velocity. 
0 mass density of fluid. 
Cs slamming coefficient. | 
D member diameter. 


v velocity of water surface normal to the surface of the member. 
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B2.2.1.3 The slamming coefficient Cs may be determined using theoret- 
ical and/or experimental methods. For smooth, circular cylinders the 
value of Cs should not be taken less than 3.0. : 


B2.2.1.4 As the slamming force is impulsive, dynamic amplification 
must be considered when calculating the response. 


For a horizontal member fixed at both ends, dynamic amplification 
factors of 1.5 and 2.0 are recommended for the end moments and the 
midspan moment, respectively. 


B2.2.1.5 It is generally recognized that wave slamming may cause 
fatigue. A procedure for evaluating the fatigue effects is outlined in 
Appendix C (DnV 1982). 


B2.2.2 Shock Pressure From Breaking Waves 


B2.2.2.1 Breaking waves causing shock pressures on vertical surfaces 
should be considered. 


B2.2.2.2 In absence of more reliable methods the procedure described in 
B2.2.1.2 may be used to calculate the shock pressure. 


B2.2.2.3 The coefficient C, depends on the configuration of the area 
exposed to shock pressure. A lower limit of Cg for circular cylinders is 
3.0. The coefficient Cs is subject to approval by DnV. 


B2.2.2.4 The area exposed to shock pressure may be taken as a sector of 
45 degrees with a height of 0.25 Hnp, where Hnp is the most probable 
largest breaking wave height inn years. The region from SWL te the top 
of the wave crest should be investigated for the effects of shock 
pressure. 


B2.2.2.5 The impact velocity, v, should be taken as that corresponding 
to the most probable largest breaking wave height inn years. Fhe most 
probable largest breaking wave height may be taken as 1.4 times the 
most probable largest significant wave height inn years. 


A.1.2 Floating Structures 


Design: 


No publications prepared for use by design organizations, other than , 


those prepared by the Classification Societies, were reviewed during this 
study. 


Classification: 


American Bureau of Shipping (ABS). 


ABS 1980 states that for purposes of classifying mobile drilling units the 
following are to be included in the owners submission. 
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A description of environmental conditions including minimum antict- 
pated atmospheric and sea temperatures, for each mode of operation. 


Resultant forces and moments from wind, waves, current, mooring and 
other environmental loadings. 


Submitted calculations are to be suitably referenced. Results from 
model tests or dynamic response calculations may be submitted as 
alternatives or a substantiation for required calculations. 


With regard to the calculation of wave loadings ABS 1980 states: 


Wave criteria specified by the Owner may be described by means of 
wave energy spectra or by theoretical waves having shape, size, and 
period appropriate to the depth of water in which the unit is to operate. 
Waves are to be considered as coming from any direction relative to the 
unit. Consideration is to be given to waves of less than maximum height 
where due to their period, the effect on various structural elements may 
be greater. 


Examples of wave theories are given in Appendix A, (of ABS 1980) and 
force coefficients for use therein are also given. Consideration will be 
given to any other valid theoretical approach, or authoritative test data. 
Examples of calculating the forces resulting from waves are indicated in 
Appendix A, (of ABS 1980) using the method appropriate to the depth of 
water selected. In making the calculations, the minimum drag coef- 
ficient Cp is to be the same as Cs from Tables provided and the 
minimum inertia coefficient Cm is to be obtained from Tables provided. 


Wave Induced Vibrations. Consideration is to be given to the possibility 
of structural vibrations induced by the action of waves. 


Part 1 of Appendix A (of ABS 1980) provides methods for calculating 
drag forces and moments, and inertia forces and moments on vertical] 
cylinders in shallow water using an interpolation between the solitary 
and Airy Theories, and several others. 


Part 2 of Appendix A (of ABS 1980) contains a development of the sine 
wave theory for deep water waves which may be used to determine the 
drag and inertial forces on the underwater portions of drilling units, 
which may be operating in locations where the depth of water exceeds 
three hundred feet. The appendix notes that other methods of deter- 
mining the force which may be deemed appropriate will be considered 
provided they are referenced and supported by calculations. 


With regard to underdeck clearance ABS 1980 states: 
A crest clearance of either 1.2m (4 ft) or 10% of the combined storm 


tide, astronomical tide, and height of the maximum wave crest above the 
mean low water level, whichever is less, between the underside of the 
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unit in the elevated position and the crest of the wave is to maintained. 
This crest elevation is to be measured above the level of the combined 
astronomical and storm tides. ‘ 


Det Norske Veritas (DnV) 


DnV (1982) provide the following description of the required wave 
conditions. 


All environmental phenomena which may contribute to structural 
damages are to be considered. Such phenomena are wind, waves, 
currents, ice, earthquake, soil conditions, temperature, fouling, corro- 
sion, etc. 


The specified environmental design data used for calculating design loads 
for intact structure are to correspond with the most probable largest 
values for a return period of 100. 


For damaged structure calculations a return period of one year is to be 
used. 


The environmental design data may be given as maximum wave heights 
with corresponding periods and wind and current velocities and design 
temperatures or as acceptable geographical areas for operation. In the 
latter case the Builder is to specify the operational areas and submit 
documentation showing that the environmental data for these areas are 
within the environmental design data. | 


The statistical data used as a basis for design must cover a sufficiently 
long period of time. 


The liquid particle velocity and acceleration in regular waves are to be 
calculated according to recognized wave theories, taking into account 
the significance of shallow water and surface elevation. 


Linearized wave theories may be used when appropriate. In that case 
the particle velocity in the wave crest above still water level is normally 
to be taken equal to the velocity at the still water level. 


The wave design data are to represent the maximum wave heights 
specified for the unit, as well as the maximum wave steepness. 


The wave lengths are to be selected as the most critical ones for the 
response of the structure or structural part to be investigated. 


Breaking wave height as a function of still water depth is given in Fig. 1. 
(of DnV 1982) 


Guidance: 


For unrestricted operation the wave steepness with return period 100 
years may normally be limited according to: 
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Regular design wave: 
The maximum regular wave height as function of wave period: 


Geezer for T<6s 


4.5+0.02(T*-36) 


ft = design wave period tn s. 
Hy = design wave height in m. 


Short term irregular states of sea: 
The sea state steepness is not to be less than: 


1/10) tex ay <6S 
= LAS ve oe a eles 


on aes Linear interpolation for 6 <T <ids 


which may be expressed in terms of significant wave height: 
de roe T, <6s 


a 0.206 ag - 0.0086 T for 64T s1izs 


0.104 T.* for T_>12s 
Zz Pe 
H, and T; are defined in Sec. 3 B 302. 


The maximum wave height corresponding to formulae above need nor- 
mally not be taken larger than 32 m. 


Wave conditions which are to be considered for design purposes, May be 
described either by deterministic design wave methods or by stochastic 
methods applying wave energy spectra. 


Short term irregular states of sea are described by means of wave energy 
spectra which are characterized by significant wave height (Hs), and 
average zero-up-crossing period (Tz). 


Analytical spectrum expressions are to reflect the width and shape of 
typical spectra for the considered site. For open deep-water sea areas, 
the Pierson-Moskowitz type of spectrum will normally apply. For 
shallow water a more narrow’ spectrum may be used when found 
appropriate (e.g. a Jonswap spectrum). 
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The shortcrestedness of waves in a seaway, i.e. the directional disperi- 
sion of wave energy, may be taken into account. The principal direction 
of wave encounter is defined as the direction of maximum wave energy 
density. | 


The modified Peirson-Moskowitz spectrum may be written in non- 
dimensional form as: 


e -4 
S (w) 1 wT 5 -1l wT, 
Raia, orl ip tarhose wel nade fe 
Hoe 8T ker TT 27 
Sa / 


The Jonswap spectrum in dimensional form is written: 


Sif) ag. (2m)-4_-5 exp pe e(E)"[-s 
4\¢f 


(£-£.)7 


Pac =o 7 exp = 


Special attention should be given to the variation of the 
parameters aand y when using the Jonswap spectrum. 


Definitions: 


Hy = the individual wave height in m, i.e. the vertical distance 
from crest to trough. 


Hs = the average of the highest one third of the individual wave 
heights in m ina short term stationary state of sea 
(significant wave height). 


fi = the average zero-up-crossing period in Ss. 
S(w) = power spectral density. 
az = wave period in s. 
2m 
W = angular wave frequency oO = 
fp = frequency (Hz). 
i, = frequency of spectral peak (Hz). , 


a = Phillips! constant. ' 


SADT Od Gait PET evo eo oe 
At co hendleb 6 Aetrukeane potent 


me - a ut ie & 
P| ae dg BL 


‘ 


s s* { 
toeq2 itiwodleeMe-naciet soilfibam ait 
"ett wa wie? foreign 


a) 
_ - “a s fe : " “ S ® a 
i : 9 


te I Oe Pe) ae SM 


~ | c 2) a a a : 
J joe j if Wiese ay ee ba] = 
‘ = on a ue . % i Pe 
ey a f at : ey * és P24 7 : 
a : ‘ ne « 4 _ lo ‘ 
- ‘ q x 
4 * 
» * - 
4 
‘ ss at) 
J J iy Ms i iY OP h 
eS 
& + 
7 
o « )} 4 ° a 
i - 
oo 
, . - 
a ae 4 ; ry 
- é ss @ “ sg o~, Us " 
af q 
2 
A b ~ 7 
ws 7 = a’ 
‘ i s - * 
- —— . - 
, »~ 
- - : 
m on is ‘- in + : geee - 
pA ‘Waw 12s oo yO 4 
Baty P 
7 ooh Vd t ni 
= ball 
' i. | 
dm, ye a e < 
ia ‘ ’ ; tw «4? 
" — 
my. > 
hy) TRO ; 
' .s 
: ’ « . 
2 i r\ 1a 4a ot 
: ia 
‘ ¢ ‘ied call r > 
ute ¢ st al ay ; 
: - : <A 
3 ey are oi 
‘ 
= “ 
rv > A 
. 
. 
» ! a 
i * ~ " “ye yes ap 7 i ; e 
- 4 - (= ts 
/ - ~ 
‘ ] way 4 : «1 
a 4 8 
g . 


. s, Veiorcine 
-4 oOeuUpe Ty svi Sls ah ek | 


s 4 * , 


A . Hi ) SEG i ae gi . 


Asti) dned fe inece jo Con: vor eee he 
AL be phn | ae 
trots Sqiyintts ¢S- 
Ww ¥! - / 4 
=) >. 


oe spectral width parameter. 
= 0,07 if f<fp. ; 
= 0,09 if f > fp. 

yo feF peakedness parameter. 


The long term behaviour of the sea is described by means of a family of 
wave spectra, the probability of occurrence for each spectrum being 
taken into account. For this purpose one needs the joint probability 
density function for Hs and Tz, which can be obtained from wave 
statistics. A description of the long term state of sea based on the use 
of hindcastings can also be accepted. 


Wave statistics for individual principal directions of wave encounter 
should be used, otherwise conservative assumptions are to be introduced. 


Extreme wave heights are expressed in terms of wave heights having a 
low probability of occurrence. : 


The "N year wave height" is the most probable largest individual wave 
height during N years. This ts equivalent to a wave height with a return 
period of N years. 


In deterministic design procedures, based on simple regular wave consid- 
erations, the wave is to be described by the following parameters: 


- wave period. 

- wave height. 

- wave direction. 
- still water depth. 


The choice of an appropriate design wave formulation has to be based on 
particular considerations for the problem in question. Shallow water 
effects are to be accounted for. Different wave theories may be 
accepted by the Society. However, the limitations of the theories used 
are to be duly acknowledged. 


The design waves are to be those which produce the most unfavourable 
loads on the considered structure, taking into account the shape and size 
of structure, etc. 


The wave period is to be specified in each case of application. It may be 
necessary to investigate a representative number of wave periods, in 
order to ensure a sufficiently accurate dermination of the maximum 
loads. 


The basic wave load parameters and responsc calculation methods in 
these Rules are to be used together with a deterministic wave load 
analysis with the most unfavourable combinations of height, period and 
direction of the waves. 
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If a stochastic wave load analysis is used, a more accurate assessment of 
load and strength parameters may be required, e.g. to account for 
marine growth. As an alternative the extreme wave loads may be 
multiplied with an appropriate load factor. 


The still water level to be used in wave load calculations for survival 
condition for self-elevating units, ts defined as the high astronomical 
tide level plus increase in water depth due to wind induced storm surge. 
If sufficient statistical data are available, the still water level corre- 
sponding to a 100-year return period may be used. 

High and low astronomical tide are the high and low tide due to 
attraction of the sun and the moon, in contrast to a meteorological tide 
caused by meteorological conditions. 
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Fatigue Caiculations 


The references cited in section A-1 provide little guidance concerning 
the specific requirements for wave data for fatigue calculations. 


The American Bureau of Shipping 1980 states "When a fatigue analysis 1s 
performed, a long term distribution of the stress range, with proper considera- 
tion of dynamic effects, is to be obtained for relevant loadings anticipated 
during the design life of structure," Section 6.13 of ABS 1980 Fatigue 
Assessment states "For structural members and joints where fatigue is a 
probable mode of failure, or for which past experience is insufficient to assure 
safety from possible cumulative fatigue damage, an assessment of fatigue life 
is to be carried out. Emphasis is to be given to joints and members in the 
splash zone, those that are difficult to inspect and repair once the structure 1s 
in service, and those susceptible to corrosion-accelerated fatigue.” 


"For structural members and joints which require a detailed assessment 
of cumulative fatigue damage, the results of the assessment are to indicate a 
minimum expected fatigue life of twice the design life of the structure where 
sufficient structural redundancy exists to prevent catastrophic failure of the 
structure of the member or joint under consideration. Where such redundancy 
does not exist or where the desirable degree of redundancy is significantly 
reduced as a result of fatigue damage, the result of a fatigue assessment ts to 
indicate a minimum expected fatigue life of three times the design life of the 
structure. 


Det Norske Veritas, 1977, provides the following comment on the method 
of analysis as follows: 


"As most of the loads which contribute to fatigue are of random nature 
statistical considerations will normally be required for determination of the 
long term distribution of fatigue loading effects. Deterministic or spectral 
analysis may be used. The method of analysis used is subject to acceptance.” 


Det Norske Veritas (1982, provides further guidance concerning the 
required wave Statistics: 


"A reasonable number of constant amplitude stress blocks and corresponding 
number of stress cycles are to be evaluated from a long term stress 
distribution determined for the planned life of the structures. All direction of 
wind, waves and current relative to the unit, are normally to be assumed 
equally probable. If, however, statistics show clearly that wind, waves and 
current of the prescribed probability are different for different directions, this 
may be taken into account in the analysis". 


It is concluded that, ideally, fatigue calculations would require directional 
spectra representative of storm events that produce critical stress levels in 
typical structures during a minimum of a twenty year period. In practice, bi- 
variate frequency of occurrence (scatter) diagrams of wave height and period 
parameters (typically characteristic wave height and peak period, presented 
for directional sectors, are required. These shouid be based on 20 years of 
data (as may be achieved from wave hindcast study). 
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A-28 
A-3 Design and Assessment of Operations 


There are many modes of operations of a structure designed for the 
exploration or recovery of hydrocarbons. The primary requirement for wave 
data is in the determination of the frequency of occurrence and duration of 
periods when an operation must be restricted for reasons of safety. 


ABS 1980 refer to three modes of operations for mobile structure as 
follows: 


a) Normal Drilling Conditions Normal drilling conditions are conditions 
wherein a unit is on location to drill or perform other related 
operations where the combined environmental and operational loadings 
are within the appropriate design limits established for those 
operations. The unit may be either afloat or supported by the sea bed. 


b) Severe Storm Condition A severe storm condition is a condition during 
which a unit may be subjected to the most severe environmental 
loadings for which it was designed. During the severe storm condition 
it may be necessary to discontinue drilling or similar operations, due 
to the severity of the environmental loadings. The unit may be either 
afloat or supported by the sea bed, as applicable. 


c) Transit Conditions All unit movements from one geographical location 
to another. 


ABS (1983) state the following when referring to fixed structures: 
Operating Environmental Conditions 


For each intended major function or operation of the installation, a set 
of characteristic parameters for the environmental factors which act as a 
limit on the safe performance of an operation or function is to be determined. 
Such operations may include, as appropriate, transportation, offloading and 
installation of the structure, drilling or producing operations, evacuation of 
the platform, etc. These sets of conditions are herein referred to as Operating 
Environmental Conditions. 


DnV 1980 provide definitions for five design phases. Analysis of 
downtime during each of these phases may be required and each may require 
different presentations of wave data. The definitions are as follows: 


Design phases - the design life of an offshore structure is normally divided into 
five design phases as defined in the following: 


< Phase C - Construction: 
This phase includes construction ashore and construction afloat. 


- Phase T - Transportation: 
This phase includes transportation of the structure or a part of the 
structure, including transportation from shore to sea, or from shore to 


. 


barge, and mooring operations in protected waters. 


Phase I - Installation: 
This phase includes installation of the structure at its final location, i.e., 


Oo} fovl') 2th $e enustouats ony » noirnliagend est 


_ 
eave yrae 


wy _ Enos apoabet iyi } uerges 729" 


lO ¥ore p ost ofly To not saim eee ‘s 
58891 wi ‘I tea ot’ aun cole) nme 


i as 
: 
) ” wit Any 2 
: Ti coee 
- hiiew ul , 
Dey ; he id 
’ : tra = q 
- . rae . a 
« * v 
. 2 —_ ay 
é i. 
19 &> VI 4 * ? 
* # * 
1 a m sees! } “ f 
| oe O08 6b ‘ 
re Ae ‘ ‘ 
' 
j = be deel ‘he r f 
5 Ww a5 F 
- j ih «6 - 3, 
s ' 
¢ i y 
a me « * oie 
“ a, 
“4 » 
\ 
\ ° 2 ; 
3 * < as] , & a2 
oonr ®t 
~ 77 
™ LU D 
174 ‘ + . 
e 
> Inds: 
(a 4 
2 i v 
: é 
2 + 1 ns a 
\ 2 | aroo ADs io 
Ot. Bip el) » ct ‘ A Sarin 44 ote © tae ‘ad fe’ . 
9 Sort ’ De -ONY 0 Shi) 
' | £6 aeules nlinanen aud 
5 4 i INIDIEQO MAK 
: es 


Thal ‘. nte te Sm wasn Cin Gaect 
> ule 2 Y roisolintani 
va a4 ° 7 = ? 3 

4 io 4.5 et ; ‘ ro i lau as ni 


ye y . Pa it IFN ive 


SPA) «cay - - > 
’ .  -* w at j * ’ 

o Life 1s | Ved a 
sig seact witb emitnwob 


92979 trots tb 7 


AY 12 81) Meas ah - & cocky on ieet r 
Vol. Deitch co copa moles a) 


MOS arses - D seats 
Bod eshwiae’ senta unt 


' 1 ; my" ~T 4 7 = t —_ 

ton HIDING ¥ roe eemuslont eenrig ett 4, 

“«) mot oh ogersas * ributond erudite! eae 
: 9855 iyi; iS a . 


i notin "813 yregm bra Q'S ee 
as gk em 


role 


A-2a 


the period from start of submerging from transport position or launching 
from barge, including piling, grouting or anchoring, until the platform is 
ready for normal operation. 


Phase O - Operation: 


This phase is the period from completed installation till condemnation or 
removal from location. 


Phase R - Retrieval: 
This phase includes retrieval or removal of the structure. 


The planning of operations requires a suitable data base from which the 
frequencies of occurrence of events Causing downtime, and their duration, can 
be determined. It may also be necessary to determine the average duration of 
continuous periods when no operational restrictions occur. 


The characteristics of this data base is that it provides continuous 
coverage (by observations, recordings or estimates made every 3 hours for 
example) over a long enough period that statistics representative of an 
average year may be determined. It is estimated that a three to five year 
period of measurements is required for this purpose. 


it must also be noted that other environmental! conditions such as high 
wind speeds, currents, presence of ice, reduced visibility or low temperatures 
may restrict operations and simultaneous measurements or estimates may be 
required for the proper design of operations. The most important phenomena 
for which simultaneous measurements are required are waves, winds and water 
Currents, 


API (1982) provides the following guidance concerning the data and data 
presentations required for the design and assessment of operations. 


For operating conditions (for both seas and swells): 


i. For each month and/or season, the probability of occurrence and 
average duration (persistence data) of various sea-states (e.g., waves 
higher than 10 ft (3 m) from specified directions in terms of general 
sea-state description parameters (e.g., the significant wave 
height/average height of the highest one-third of the waves in the 
train/and the average wave period during a certain duration of time). 


2. The wind velocities, tides and currents occurring simultaneously with 
the wave trains. 


3. The percentage of waves having heights and directions within specified 
ranges (e.g., 10 to 12 ft. (3 to 4 m) high waves from SSE * 1J.25.) 
during each month and/or season. 
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A-4 Requirements of Regulatory Agencies 


The regulations developed by the Canadian Oil & Gas Lands 
Administration (COGLA) do not provide detailed guidance concerning the form 
of wave data and type of engineering procedures that involve wave data which 
should be submitted with applications for Drilling Program Approval. 
Guidance notes that present estimates of the wave climate of Canada are not 
availabie as they are for the North Sea. 


Some of the requirements contained in the Canada Oi] & Gas Drilling 
regulations (PC 1979-25 ammended by PC 1980-2111) are as follows. 


PART 1 
Drilling Program Approval 


Application for a Drilling Program Approval 


8. The following information shall be furnished and forwarded with the 
application for approval of a drilling program referred to in section 7 by 
an applicant: 


(c) particulars of any special conditions or circumstances that may 
affect the safety of the drilling operations; 


(f) where the program is to be carried out offshore, 
(ii) the prevailing environmental conditions in the area of the program, 


(g) inthe case of every drilling unit used or intended to be used by 
an applicant during the program, 


(ii) the details of the structural design of the drilling unit on which 
the applicant relies to show that the drilling unit has strength 
adequate to withstand conditions of extreme loading caused by a 
combination of the most unfavourable functional and environ- 
mental loads, 


(iii) a description of the relationship between the performance 
characteristics of each drilling unit and the prevailing 
environmental conditions in the area of the program, and 


(h) where the program is to be carried out offshore, the details on 
which the applicant relies to show that 


(i) the drilling unit that is to be used in the program has sufficient 
dynamic stability to permit emergency drilling operations, such 
as controlling a kick or disconnecting from the blowout preven- 
ter stack, to be conducted under conditions of the statistical 
one-year-storm calculated to occur during the period of the year 
that the program is to be conducted, 


(ii) where anchors are to be used to hold the drilling unit on the well 
location, the method and equipment to be used to hold the 
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drilling unit is capable of maintaining the unit within the anchor 
pattern under conditions of the statistical fifty-year-storm cal- 
culated to occur during the period of the year that the program 
is to be conducted, : 


(iii) the drilling unit to be used in the program is designed and 
constructed to survive conditions of the statistical one-hundred- 
year-storm calculated to occur during the period of the year that 
the program is to be conducted, 


(vi) the support craft are designed and constructed to operate safely 
in support of all drilling and related operations in which the craft 
are to be engaged. 


COGLA have issued "Physical Environmenta} Guidelines for Drilling 
Programs in The Canadian Offshore”. These guidelines contain standards and 
procedures for collecting and reporting meteorological and oceanographic data 
and have been issued with respect to section 176(2) (for example) of the 
Drilling Regulations. This states, with respect to waves, that where the 
drilling program is offshore the operator shall observe and record at least 
every three hours the wave direction, height and period and the swell 
direction, height and period. 


The following contains extracts from these guidelines where they refer 
to the collection of wave data: 


Physical Environmental Requirements 
1.0 Data Collection 


Operators will be required to make meteorological and oceanographic 
measurements in connection with drilling operations in accordance with these 
Guidelines unless COGLA has agreed to other arrangements. The standards 
and procedures for collecting and reporting meteorological and oceanographic 
data are described below. 


Automatic instrumentation is the preferred means of measurement; 
however, cloud conditions, present and past weather, visibility, wave direction, 
sea ice and ice accretion are normally determined visually and recorded in a 
log. 


yal Parameters to be Observed or Measured 


1.1.10 Sea State - instantaneous values of sea and swell height, period and 
direction. 


1.1.15 Surface ocean wave spectra - instrumentation should be located such 
that the wave field as observed is not disturbed by the drilling unit. The 
Marine Environmental Data Service (MEDS), Department of Fisheries 
and Oceans, Ottawa, may provide a Datawell Waverider Buoy for wave 
measurements. Other instrumentation moy be used but the specifica- 
tions stated must be met and the recording sequence should be consistent 
with a twenty-minute continuous wave record every three hours and have 
the capability for continuous operation during storms. 
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Other data collection requirements specified in the guidelines include 
wind, temperature, visibility, ice, precipitation, and currents. 
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APPENDIX B 


GLOSSARY OF WAVE PARAMETERS 


B=2 


APPENDIX B 


GLOSSARY OF WAVE PARAMETERS 


1. Parameters defined directly from a wave record. 

Z) The "mean water depth" is the vertical distance between the mean 
water level and the bottom. Z, is always a positive quantity. 

Z2 The "still water depth" is the vertical distance between the still 
water level and the bottom. Z? is always a positive quantity. 

£3 The "mean record water depth" is the vertical distance between 
the mean record level and the bottom. Z3 is always a positive 
quantity. 

n The vertical distance of the instantaneous water surface to the 


mean record level, positive is used for the upward direction. 


ac The crest amplitude is the vertical distance between the mean 
record level and a crest or maxima. 


azic The zero-crossing crest amplitude is the maximum vertical 
distance between the mean record level and the maximum level 
that occurred between an upward and a following downward going 
Zero crossing. az,c is always a positive quantity. 


at The trough amplitude is the vertical distance between the mean 
record level and a trough or minima. 


art The zero-crossing trough amplitude is the maximum vertical 
distance between the mean record level and the minimum level 
that occurred between a downward and a following upward going 
zero-crossing. az, is always a positive quantity. . 


& fi The maximum wave level is the maximum zero-crossing crest 
amplitude observed in a record = a7.¢,max 


Y2 The minimum wave level is the maximum zero-crossing trough 
amplitude observed in a record. Note that Y2 is always positive 
and 1S = 4z,t, max 


H The "wave height" is the vertical distance between a crest and the 
immediately preceding trough. 


H, The zero up-crossing wave height is the sum of az ¢ and the 
immediately preceding az t. (Confusion may exist between the use 
of Hz for Hertz and Hz for the zero-crossing wave height.) 


The maximum wave height is the maximum H as observed in a 


Hmax 
specified period of time, which should always be stated. 
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The maximum zero up-crossing wave height is the maximum Hz as 
observed in a specified period of time, which should always be 
stated. 


The zero-crossing wave period is the interval of time between two 
adjacent downward going zero-crossings. 


The period of the maximum zero up-crossing wave height is the 
interval between the preceding and the following downward going 
zero-crossings of a maximum zero up-crossing wave height. 


Statistical parameters. 


The wave height exceedance is the value of H exceeded by n% of 
all waves occurring in a specified period. For example Hy% (20 
min.) is the wave height that is exceeded by only 1% of all waves 
occurring in a 20 min. period of observation. In particular one may 


use H5gqy the median wave height. In some countries, the notation 


Hn% is used to denote the average of the highest n% of the waves 
in a record. Care should be exercised to properly interpret the 
intended meaning in individual publications. 


The zero up-crossing wave height exceedance is the value of Hz 
that is exceeded by n% of all waves occurring in a specified period. 


The average of the highest 1/nt) of the H values for a stated 
period of time. In some countries, the notation Hj /p is used to 
denote the wave height exceeded by 1/nth of the waves. Care 
should be taken to properly interpret the intended meaning in 
individual publications. 


The average of the highest 1/nth of the Hz values for a stated 
period of time. In particular one may use Hz} /3 (20 min.). 


The zero-crossing wave period is the average of zero-crossing 
intervals as obtained by dividing the record duration by the number 
of times the water elevation crosses the mean record level in one 
direction. 


The average crest period is the time obtained by dividing the 
record duration by the total number of crests in this record. 


The spectral width parameter (Broadness factor) defined by enol 


- UT adh dues ° 


The probability density function of a wave parameter x, such as 
height or period. 


The distribution function of a wave parameter x and is known as 
P(x) = Jo, p(A).dd. 


3. Parameters derived from the variance spectrum analysis. 

fp The peak frequency is the frequency at which the maximum 
variance spectral density occurs. 

Tp The peak period = 1/fp. 

S(f) The variance spectral density function of a wave record is the 


density distribution of the variance n asa function of frequency. 


S(f,a) The directional variance spectra! density of a wave record is the 
density distribution of the variance n as a function of frequency 
and direction. 


Mn e mi moment of the variance spectral! density function. Mp = 
pes S(L) die 
Typically a=0 b=. 


oO The root mean square value is the square root of the variance or 
the average squared displacement of the water surface from the 
mean record level PN ee 

le Seren ed 


Hmo The characteristic wave height = 4*o for a stated period of time. 
The length of time defined by two spectral moments ma and mp. 


In particular, one may use the "average period" defined as Mo/m} 
or M_}]/Mo-; 


i The spectral width parameter defined by 
2 
ge mem, mo 

mo-™M, 
4. Parameters derived from visual observations. 
Hy The wave height as estimated from visual observation. 
10 The wave period as obtained visually. 
D. Significant wave height. 


The current use of this term, significant wave height, is confusing. There 
appear to be 3 common concepts of significant wave height: 


a) the wave height parameter as computed from the RMS-value of the record; 
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b) the average of the highest one third of the “wave heights" obtained 
autographically; or 

c) the visually estimated wave height following W.M.O. practices. 
As noted in the above, the following three definitions are recommended: 

Hime The characteristic wave height = 4*o0 for a stated period of time. 
Hz,1/3 (or H3) The average of the highest one third of the zero up- 
crossing wave heights for a stated period of time. 

Hy The wave height as estimated from visual observation. 


taht 
ive 


= i , es a p, 
elt tab i? One Hevesi 
my 
es a 
4 iwatiat tivier "VTav 


2 


3 awn 
e, 
‘ 
i OA 
aa a c 
s 
at ~ 
7 ‘ 
A 


sll n°.) ; a . 


APPENDIX C 


PERIODS OF COVERAGE FOR MEDS WAVE STATIONS 
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